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ABSTRACT 
This thesis has examined Main Battle Tank (MBT) crew activities and workload. The aims 
were to provide a package of workload and fatigue indicators for use during field exercises; 
to document the 'in tank' activities of MBT crew; to provide a task analysis which includes 
an indication of task demands, and to draw general conclusions concerning the practical 
assessment of human workload. It is in 2 volumes. The first volume, which is unclassified, 
gives the background, presents reviews of relevant literature on task analysis and workload 
and gives an overview of the thesis. It then documents the studies and experiments which 
were carried out in order to refine the methodology, and to select a battery of measures of 
workload and fatigue which were suitable for use on military exercises. 
It outlines two interview studies which examined crew workload peaks, they compared 
weightings for attentional involvement and difficulty as methods to indicate workload demands 
within a task analysis. The weightings did not correlate with each other, although it was 
concluded that attentional involvement weightings could be used to predict task demands, but 
should not be summed. The Thesis goes on to describe how the sensitivity and intrusiveness 
of an auditory secondary task was examined when paired with a gunnery task. Performance 
of the short term memory and reaction time components changed with primary task workload, 
but not sufficiently to warrant the use of this secondary task in the military exercises. Two 
sleep deprivation experiments are described where a total of ten cOmputer tests were trailed 
for sensitivity to sleep loss~ From these tests, digit recall, 4 choice reaction time and 
vigilance were selected for use in the military exercise pilot trial; and addition, 4 choice 
reaction time and code substitution were used during the trial proper. 
Two chapters describe how the evolved battery of measures was used in military field 
exercises. The first exercise fought two 4 man crew troops in parallel; this acted as a pilot 
study for the second exercise, which compared the performance of 3 and 4 man crew troops. 
In terms of the military exercises, it was concluded that 3 man crews could operate the 
vehicles but even with simulated 'improved technology' were unable to carry out all the duties 
normally expected of 4 man crews. Tasks that suffered most were radio watch and hide 
drills. 3 man crews were less effective than 4 man crews in terms of general military 
performance, and were unable to devote enough time to food preparation. This resulted in . 
their becoming dehydrated. Gunners and drivers felt more overworked than their 4 man crew 
counterparts. Performance of 3 man crews was less robust than that of 4 man crews, and 
stressors, such as disrupted sleep, had a marked effect on their performance. It was 
recommended that design of future MBTs should include features to minimise the physical 
workload of crew. Hide drills should be simplified, automation should aid functions such as 
radio watch, sentry duty and surveillance, and provision of food should be improved such that 
preparation times and the dangers of dehydration are minimised. 
With reSpect to workload measures, it was concluded that workload should be viewed in 
terms of influence on performance, rather than· in isolation from other influences. A 
performance influence loop is offered as a framework within which to view measures of team 
or individual workload. The performance influence loop suggests that externally imposed 
task demands influence perceived workload. There is a two way influence between perceived 
workload and individual/team performance, and between individual/team, and system 
performance. System performance and any external stressors (such as being under fire) both 
have an effect on 'reactive influences', (ie internal factors such as morale or motivation which 
change in response to outside influences). 'Reactive influences' affect (and are influenced by) 
the amount of resources the person has available to do the work, and in turn, their perception 
of the workload. 
Volume 2 (which is classified as Restricted), is a task analysis and documentation of crew 
activities. This was derived from the findings of the military exercises and it has included 
an indication of task workload demands in terms of attentional involvement weightings. 
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The work presented in this thesis was carried out for the Army Personnel Research 
Establishment (APRE) under MOD Agreement number 2170/094 with the Loughborough 
University of Technology. Results have been published as APRE reports and have not been 
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assistance for the sleep loss trials described in chapters 8 and 10, and D R Haslam was 
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CHAPTER 1 
INTRODUCTION 
1. Introduction. 
This work was completed in response to the army's request for a study of Main Battle Tank 
(MBT) crew activity and workload. The Thesis is of a practical nature. Meeting the 
requirement, it has provided an analysis of MBT crews' tasks as well as fatigue and workload 
measures which give a comparison between two crewing methods used during a military 
exercise. 
This chapter outlines the reasons for carrying out the work, it notes previous relevant military 
studies and presents the aims of the thesis. 
1.1 Main battle tanks, reasons for considering a reduction of crew numbers. 
As work progressed towards the development of future generations of Main Battle Tanks 
(MBTs), the question of how best to crew the vehicles, in particular the need to maintain their 
present manning level, was to be addressed. At the time of writing this thesis, (1993), MBTs 
were manned by a crew of 4. They operated in troops of three tanks, possibly with a fourth 
in reserve; so a troop had at least 12 crew available in total. 
The Army was under pressure to explore the possibility of reducing crew numbers in future 
tanks. Demographic trends and financial considerations acted as powerful incentives to cut 
down the number of crew per vehicle. Technological advances allowed for considerably more 
automation and of course, if there were fewer crew and crew stations to accommodate within 
the MBT, then the vehicle could have had a lower profile and would be less vulnerable as a 
target; the most pressing consideration being the safety of the crew. 
Changes in the type of threat, as well as changes in the structure and functions of the armed 
forces highlighted the need to reduce the volume under armour; this was in order to keep the 
weight of the vehicle as low as possible; also, to increase versatility and vehicular speed. 
Again, the result would have been less room for crew. and because the UK army did not 
selectively recruit short men to crew their MBTs, it meant designing for fewer crew. 
Technology was seen to be the solution to the problem of how to cut crew numbers whilst 
maintaining a viable and operationally effective fighting vehicle. By automating some crew 
functions, it should have been possible to phase out one or more crew members. Within the 
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army it was generally assumed that if an auwloader were tined , then the crew member 
responsible for loauing cou lu be removeu and the remaining 3 man crew could cope with the 
'in battle' tasks. This wou ld have had implications fo r th e workload of the crew who would 
have to complete all the other tasks that th e loader performed . With crews of only 3 men , 
the troop, which would now cons ist of 9 instead of 12, would still have to perform all the non 
battle, whol e troop act ivit ies. The vehicl es already required many hours of servicing and 
maintenance and the addit ion of an autu loader wuu ld bring its own maintenance requ irements . 
This might have reduced th e amount of time that the crew had for s leeping, and increased 
crew fatigue . Since World War I , fati gue has been recognised as being a major human 
factors problem induced by spending lung periods in armoured fighting vehicles . It is 
compounded when uperating within th e stressful scenario of war, and even more so by the 
sustained nature of such activit ies. It leads to impaired human efticiency and eventual phys ical 
and mental coll apse . 
Would 3 mall crews be able to carry Ollt all the 1I01L bailIe activities slIch as selltry dllty 
(above) ami still have time to eat ami sleer? 
1.2 B~ckgrnund Milit~ry Studie$. 
There have been military exerc ises and discuss ion papers that exemplify the above. For 
example, Dudl ey et al (1974), repurted un twu exercises to exami ne the effects of tive days 
continuous day and night operations un Chiefta in Tank crew performance. They found that 
the total amount of rest ach ieveu by the crew for the whole of the 5 day period varied 
between 4.5 and 9 huurs, with co mmanders achieving least. Little time was found available 
to do essential maintenance anti it was unly pussihle to ca rry out replenishments and tighten 
tracks . In terms of military performance. crew appea reu able to overcome the fatigue effects 
for the duratiun uf the exerci se; hut it was recugni sed that even if an autoloader was used in 
future vehicles. crew numbers shuu ld nut necessarily be decreased . A crew of 3 might have 
even less time tilr rest anti vehicl e maintenance. 
2 
APRE had also followed and observed two 96 hour exercises to compare turreted versus 
turretless tanks (Large 1974), which involved both 3 and 4 man crews. APRE's report of 
these exercises was based on questionnaire data and observation of crew. It was found that 
the exercises had not provided a stressful enough environment to test the endurance of crew; 
although both groups would have been willing to continue if necessary, the 3 man crews 
admitted to being more tired and having 'less in reserve' than 4 man crews. The prime 
disadvantage of the 3 man crew was that they could not do the non battle activities in the time 
available. If they did them, then it was at the expense of rest and sleep. 
Similarly, Indian Army experience with T-72 showed that with reduced crew, steps have to 
be taken to alleviate the workload during activities such as maintenance and resupply (Kan 
1982). 
One recommendation made in a discussion paper (Eckles A J, et aI 1979), was to obtain a 
data base which would assist in determining the optimum use of crew resources in a 
continuous combat condition. They suggested that this should be done by obtaining estimates 
of the time expended on each task by 3 compared with 4 man crews. This should include 
time spent on rest opportunities and breaks. 
As implied above, although it was technically possible to phase out a crew member and 
automate his main function, the concept of operating with only 3 man crews needed careful 
consideration; especially with respect to the workload and fatigue of the crew and troop. 
Unfortunately, MBT crew, commanders in particular, complained of a high level of workload 
even with 4 man crews. 
1.3 Existing Workloads. 
There was no documentation covering all the tasks of MBT crew and no information 
concerning the length of time that crew had to spend on any of their tasks. That meant that 
the workload level of 4 man crew troops was an unknown quantity and made it difficult to 
anticipate changes in workload with reduced crew numbers, or any other proposed variant on 
crew composition or tasking. Without information about the current levels of cognitive 
psychomotor loading on crew (particularly commanders), it would have been impossible to 
predict the likely effects of proposed changes of crew tasking. Such changes might have had 
a detrimental impact on crew performance by overloading a single cognitive psychomotor 
resource. In fact there may already have existed workload peaks where performance suffered 
because of overload. In cases such as these, workload problems could be alleviated with the 
appropriate introduction of new technology. 
1.4 The need to document 3 versus 4 man crew activities. 
In view of the above considerations, there was seen to be a need for the army to mock up a 
troop of 3 man crew tanks and discover whether the crew could cope when operating!!! a war_. 
_. scenario; It was also acknowledged that in suchasituation, measures would have to be made 
carefully of crew activity, workload and fatigue. It would not have been enough to observe 
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merely whether the troop remained an effecti ve fighting unit for the duration of the exercise. 
This was because soldiers, out of necessity , had to manage to cope in emergency situations. 
They coped usuall y by cutting short some activities and omitting others. Situations might 
have arisen for example when they were required to carry out long complex start-up or 
maintenance procedures, whil st almost simultaneously havi ng to move the vehicle into battle. 
In such a case, they would have given priority to moving, and would have carried out only 
those aspects of the start-up procedure that were needed to allow the vehicle and its 
equipment to operate. 
Whilst expedient in the short term, if this happened as a matter of course, (particularl y in the 
case of maintenance); then the vehicl es and equipment would rap idly have become unreliable, 
militaril y ineffective, or unsafe. The state of the vehicl es may not have become apparent 
during a relatively short exercise. Some attempt would therefore have had to be made to 
compare the length of time spent on act iviti es of 3 and 4 man crews, in order to highl ight the 
activities that had become cut short or omitted in 3 man crew operations. 
Where shorl-C1/ts are takell with routille mail/tel/allce. vehicles require major repairs. such 
as the el/gil/e chal/ge above. Could reduced crew Ilumbers carry out sufficiellt maillterulllce 
to keep vehicles operatiol/al? 
I.S Military exercises organized for this sludy. 
To this end , the army organized 3 military exercises, codenamed Enduras I to 3. All 
exercises were to be located in North West Germany, each with a duration of 12 days. 
Endura I was to be used as a pilot study to see whether the equipment and measures used 
were suitable and operable. Two troops of 4 men crews were to fight alongs ide each other 
against a common enemy. 
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Modifications could subsequently be made to the measures or equipment as appropriate for 
Enduras 2 and 3. Enduras 2 and 3 were to comprise the experimental field trials. During 
these a troop of 4 man crew MBTs would fight alongside a troop of 3 man crew 'future' 
MBTs against a common enemy. In the 3 man crew troop the crew members responsible for 
loading would be replaced with simulated autoloaders. 
Work carried out for this thesis was concerned with providing a task analysis and a package 
of measures of workload and fatigue. This was to compare the activities and workload of the 
3 and 4 man troops. 
The thesis offers a comprehensive study of crew 'in tank' activities and workload. Although 
the work was concerned with a specific application, the method developed and experimental 
results have provided a contribution to the overall area of human workload assessment. 
1.6 AIMS OF THE THESIS. 
a) To provide a package of workload and fatigue indicators for use during field exercises. 
These indicators are to compare the two crewing methods. 
b) To document the 'in tank' activities of MBT crew. 
c) To provide a task analysis which includes an indication of task demands. 
d) To draw general conclusions concerning the practical assessment of human workload. 
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CHAPTER 2 
REVIEW OF TASK ANALYSIS LITERATURE. 
2.1 INTRODUCTION 
2.1.1 Aims or this review. 
a) To give an overview of available task analysis methods. 
b) To recommend task analysis methods suitable for 
analysing the activities of main battle tank crew during a 
military exercise. 
2.1.2 General. 
The process of task analysis usually involves identifying tasks, dividing these into sub tasks 
as appropriate; describing them and then analysing them according to the goal of the task 
analysis. Literature on task analysis has become grouped into papers concerning the theory 
of analysis and those outlining studies that have been carried out. 
2.1.3 The theory or analysis. 
With respect to the theory of analysis, the following topics have been addressed extensively. 
How to classify tasks or task descriptions; that is, developing a valid and generalizable 
taxonomy; how to describe and classify behaviours involved in carrying out the task, and how 
to represent the cognitive psychomotor demands that the task might impose on the operator. 
There are handbooks of instructions on how to carry out analyses as well as advice on how 
to choose a suitable technique, for example, Astley and Stammers (1987). 
2.1.4 The practice or analysis. 
Task analysis evolved from the early job analyses such as those listed by Morsh (1962). It 
replaced skills analysis and provides more and different information from that in time and 
motion studies. It is usually completed in three stages; data collection, data analysis and 
effecting change in the light of the analysis. It has been carried out on existing tasks in order 
to formalize information needed, for instance to define training needs, manpower planning, 
or personnel selection. Similar techniques have been used for compilation of new tasks, for 
example during task synthesis. This would be used during the design phase of a system. 
2.1.5 Computer network models. 
The information resulting from a task analysis can be fed into computer network models such 
as Micro Saint (described in Dabl et aI 1991, also see next paragraph for definition of 
SAINT), to compare and contrast proposed alterations or reconfigurations of tasks. However 
it was beyond the brief of the work for this thesis to model the alternative task configurations; 
therefore such techniques have not been noted in detail. 
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2.1.6 Limitations or this review. 
The task analysis for this thesis set out to document the activities of 3 and 4 man MBT crews 
in such a way that it would be of use as a tool for human factors engineers and designers of 
future MBTs. Therefore techniques which offer complete system design reviews (such as the 
Structured Systems Analysis and Design Methodology (SSADM), or modelling techniques 
which take the end product of an analysis, such as Systems Analysis by Integrated Networks 
of Tasks (SAINT) or the Mission Operability Assessment Technique (MOAn, Helm and 
Donnell (1979), have been excluded. 
2.1.7 The layout oC this Review. 
This review has been presented in two parts. The first part has dealt with tasks, their 
definitions, characteristics, theoretical frameworks for studying task characteristics and the 
development of taxonomies that eventually led to those theoretical frameworks of study. 
The second part has dealt with the analysis of tasks; definitions and purposes of task analysis 
as well as task analysis techniques. The discussion has followed the second part. 
2.2 PART ONE: TASKS. 
2.2.1 Defining Tasks. 
The classic definition is that provided by Miller (1953): a task is "a group of discriminations, 
decisions and effector activities related to each other by temporal proximity, immediate 
purpose and a common man-machine output". His (1967) definition was also hailed (by 
reviewers such as White 1971), as being representative of most task definitions: a task is "any 
set of activities, occurring at about the same time, sharing some common purpose that is 
recognized by the task performer." 
Meyer et aI (1974), described a task as "a group of related work elements performed in close 
temporal proximity by one person and directed toward the accomplishment of a definable 
goal. " 
Roby and Lanzetta (1956) suggested that a task could be represented by a space of multiple 
dimensions, each dimension describing some condition relevant to productivity. 
Teichner and Olson (1971) defmed a task in terms of information flow between man and 
machine, or of the functional activity describing the manner in which information is 
transferred. 
Drury (1983) defined tasks as "the smallest units of behaviour which need to be differentiated 
in order to solve the problem at hand. Hence, if the problems are rather gross, the tasks can 
be rather large units of behaviour and vice versa. " 
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Fleishman (1975) suggested that "we should not attempt to debate about the definition of a 
'task' as if only one were possible. Rather, we must adopt or develop a definition which will 
serve as an adequate vehicle for classification. An adequate vehicle will permit the derivation 
of terms which reliably describe tasks and distinguish among them. These derived terms 
provide the conceptual basis for classification". 
Annett et aI (1971), stated that "a task can be defined in terms of its objectives or end 
products." 
2.2.2 Defining tasks in terms of characteristics. 
Meister (1976) pointed out that it was impossible to understand operator or system behaviour 
unless one first understood the task to be performed, including its characteristics. Definitions 
of tasks have been in terms of task elements (such as stimulus, procedure, purpose). Such 
definitions may have been useful in construction of new tasks, but did not define properties 
that differentiated one task from another. He gave a lengthy description of task characteristics 
in terms of temporal relations with other tasks; psychological processes required of the' 
operator; whether a task depended on a preceding task; task complexity; organisation in terms 
of interaction between operators; whether tasks could be divided into sub-tasks; their 
difficulty; importance, and the degree of automation. 
De Vries et aI (1980) defined tasks in terms of having the following characteristics: a) A task 
was a specific action. b) A task had a definite beginning and end. c) A task was performed 
for a relatively short period of time, lie., seconds, minutes, hours, or days (rarely)]. d) A 
task was observable and measurable; that is, a technically proficient individual could observe 
the performance of the task or examine a product and have been able to determine that the 
task had been performed properly. e) Each task was independent of other actions. 
2.2.3 Definition adopted for this thesis. 
The author had a need to note the fact that a task could be performed by an individual or a 
team. The following definition was therefore evolved for this thesis. "A task is a set of 
activities contributing to a common goal, performed by an individual or by a t7am. " 
2.3 Theoretical Frameworks for studying Tasks. 
2.3.1 Task Characteristics. The Empirical Approach. 
The empirical approach to the study of tasks used task characteristics, derived from an 
individual's perGeptions of a sample of tasks using factor analyses or other multivariate 
techniques. This approach was used by Shaw (1963), McCormick (1976), Peterson and 
Bowners (1982), Hackman and Lawler (1971) and Hackman and Oldman (1980). A study 
in Dunham et al. 's (1977) summarization of the job characteristics identified in 20 different 
samples, it used measures from the Hackman and Oldman (1980) job design model, and 
concluded that the number of separate characteristics identified by the measures varied from 
sample to sample. Similarly, studies using the Position Analysis Questionnaire (PAQ), 
developed by McCormick and his colleagues, have not been able to reliably produce a stable 
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set of task characteristics across different samples of tasks, despite very large samples 
(McCormick 1976, Peterson and Bowners 1982). 
This demonstrated the instability of the task characteristics identified in these empirical 
analyses. Wood (1986), pointed out that task characteristics frequently confound task and 
non task elements. He saw this as undermining the construct validity in studies of tasks. 
2.3.2 Task Characteristics. The Theoretical Approach. 
In contrast, the 'theoretical approach', specified task characteristics a priori and these were 
then measured and tested empirically. 
Hackman (1969), building on the work of Mc Grath and Altman (1966), identified four 
distinct theoretical frameworks used in the study of tasks. 
i. Task as a behaviour description. Tasks were described and grouped in terms of the kinds 
of behaviours that people exhibit when performing the task. This approach attempted to 
-describe tasks in terms of the typical task behaviour by identifying the mean or modal 
behavioural responses of individuals who have performed the task eg Marquardt and 
McCormick (1974), McCormick (1976). 
ii. Task as behaviour requirements. Tasks were defined in terms of the behavioural 
responses a person should emit in order to achieve some specified level of performance. This 
approach included definitions which focused on critical behaviours; those necessary for 
adequate performance, eg Roby and Lanzetta (1958), as well as definitions which focused on 
general behaviour requirements Gagne (1964), Miller (1962). 
iii. Task qua task. Tasks were defined as a pattern of stimuli impinging on the individual. 
Task characteristics were "real world" dimensions which related to the physical nature of 
either the stimuli (eg. stimulus input rate) or the stimulus material (eg. clarity of instructions). 
iv. Task as ability requirements. Tasks were differentiated on the basis of the different skills 
required to perform them. In practice, this usually became. tasks as· ability descriptions, 
because the identification of skills and abilities was based on measures of individuals who 
actually performed the task eg, Fleishman and Hogan (1978). 
2.4 Taxonomies: background to the above theoretical framework. 
2.4.1 Introduction. 
A systematic classification of operator tasks should allow for a 'between systems' comparison 
of tasks, also, the extrapolation of task data from a laboratory setting to an operational 
setting. Past experience and findings could then be applied to new problems. Techniques 
have been proposed, and research directed at the development of a task classification in terms 
of basic, generalizable task variables that are independent of the setting (or the environment) 
of the task. Such a classification has been called a taxonomy. 
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2.4.2 Definition of Taxonomies. 
Silverman (1967) defmed a taxonomy as "the systematic differentiation, ordering, relating, 
and naming of type groups within a subject field." According to Miller (1967), "a taxonomy 
is a means of classifying objects or phenomena in such a way that useful relationships among 
them are established. A taxonomy is therefore not a mere list of labels with semantic 
definition: it also has an inner syntactic structure." Theologus (1969) reviewed biological 
taxonomy and its application to the taxonomy of tasks. 
2.4.3 Development of Taxonomies. 
One of the earliest attempts to develop a systematic task taxonomy was a preliminary 
classification of task variables by Cotterman (1959) to enable the use of 'learning principles' 
in the design of training devices. He cited three possible approaches to the development of 
a classification scheme: factor analysis of task and performance data; exhaustive review of 
learning information; the use of experts to identify significant relationships between 
information of learning and tasks. These approaches have been used by others to develop 
a variety of classification schemes that range from highly specific to very general categories. 
2.4.4 Range of Taxonomies. 
The following has reviewed the development of the four kinds of task classifications: specific 
behaviours involved in tasks; human functions involved; characteristics of tasks, and human 
abilities involved in tasks. 
2.4.5 Taxonomies of specific behaviours involved in tasks. 
One of the reasons for developing a standardized method of classifying tasks was to identify 
similarities between tasks so that the reliability of human operator performance in a new 
system could be predicted from previous experience. Examples of this were: the Air Data 
Store, Munger et al., (1962); Technique for Human Error Rate Prediction (THERP), Swain 
(1963) and (1969); Technique for Establishing Personnel Performance Standards (TEPPS), 
Blanchard (1969), this later included a new data store, the Language Matrix Approach 
(LAMA); the Bunker-Ramo Data Bank, Meister (1967a) and (1969), Homyak (1967); Human 
, 
Performance Reliability (HPR) data Meister and Mills (1971). 
2.4.6 Taxonomies of human functions involved in tasks. 
In contrast to the above examples of task classification in terms of specific behaviours 
involved, many taxonomies contained broader or higher level functions although they may 
also have included detailed sub task categories. The following has listed only broad 
categories . 
Berliner et al., (1964) identified 6 broad types of activities: searching for and receiving 
information; identifying objects, actions, events; information processing; problem solving and 
decision making; simple/discrete motor activities; complex/continuous motor activities. 
Gagne (1962a), referring to complex systems, identified three basic human functions: sensing, 
identifying and interpreting. 
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Willis and Peterson (1961) surveyed contemporary learning theories and identified 19 
behavioural categories, mostly specific, involving verbs such as detect, identify, handle and 
write. Demaree (1961), in developing a task analysis for training purposes, identified 21 
kinds of tasks, skills or knowledge, again, mostly specific to task components, but some 
higher level functions such as complex decision making. 
Smode Gruber and Ely (1962) developed a taxonomy for use in measuring the efficiency of 
air crews. Altman (1964) suggested a taxonomy based on the Air Data Store, expanded and 
consisting of eleven mediating processes. 
Aluisi (1961) and (1968), as part of a research program on the assessment of complex 
performance in military systems, identified the following functions: watch keeping, memory, 
communication, higher order functions such as information processing, and procedural 
functions such as interpersonal coordination. 
Miller (1967) suggested and then revised a taxonomy based on the psychological aspects of 
tasks rather than their stimulus-response characteristics. He also suggested the construction 
of a three dimensional taxonomic grid or classification matrix. 
Task taxonomies did not commonly include categories representing interactions between crew. 
Among those mentioned above, only Demaree's and Alluisi's explicitly referred to any kind 
of coordination between operators. The exception to this neglect was a taxonomy proposed 
by Freed (1962). He identified thirteen such categories, for example, assisting, coordinating 
and load sharing. 
2.4.7 Taxonomies of Task Characteristics. 
The two general types of taxonomies reviewed above were organized in relation to what the 
operator was doing. Other taxonomies have been based on the characteristics of tasks that 
determine performance success or failure. Two of these have been noted below. The task 
characteristics in these taxonomies are similar to those in the AIR Data Store and in the 
Bunker-Ramo data. 
Armsby (1962) defined tasks in terms of the demands placed on· the operator by the task 
situation. A demand was a condition that limited, allowed, or prescribed certain activities of 
an operator. He identified 32 of these, eg., clarity, degree of precision, and urgency. He 
condensed these into 4 composite measures, each of which was composed of several selected 
demands. These measures were difficulty, accuracy required, speed required, and function 
complexity. 
Farina and Wheaton (1970) and (1971), viewed performance as a function of operator, 
environmental and task variables. They viewed a task as a complex situation, capable of 
eliciting goal directed performance from an operator. Twenty five task characteristics were 
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distributed within the five task components: an explicit goal; a set of procedures; stimuli; 
responses, and stimulus-response relationships. 
2.4.8 Taxonomies of Human Abilities. 
With this approach, tasks were described, contrasted, and compared in terms of the abilities 
which the task required of the operator. These abilities were relatively enduring traits of the 
people performing the task •. It differed from the behaviour requirements approach in terms 
of concept derivation and level of description. The ability concepts were empirically derived 
through factor analysis and treated as being more basic units than the behaviour functions and 
processes. Examples of this approach were Siegel and Federman (1968) and Theologus et 
al., (1970). 
2.4.9 Taxonomy for this task analysis. 
The author felt that the taxonomy to be used should be appropriate for the user of the 
analysis. Therefore the tasks to be described in the analysis for this thesis should not be 
couched in psychologist's terms, but give a straight-forward description of the activities 
required of the operator, and the demands placed on the operator by the task. Such a 
taxonomy should be arrived at after initial interviews of crew and a pilot study of the task 
analysis proposed techniques. 
2.5 PART TWO: THE ANALYSIS OF TASKS. 
2.5.1 Definition of Task Analysis. 
Definitions have varied according to the reason for carrying out the task analysis. For 
example the analysis may be a tool for defining training needs, as reflected in the following 
definition. 
"The process of breaking down a task into its component sub tasks and then determining 
precisely what skills and knowledge a trainee needs to acquire in order to accomplish each 
sub task." De Vries et al., (1980). 
2.5.2 Some definitions have been based on existing tasks: 
"A task is exactly what it says: each task is described at an appropriate level of depth. Task 
analysis goes the next step beyond task description and derives the demands made on the 
operator by the task, so that these demands can be compared with human capabilities to find 
human/system mis-matches." Drury (1983). 
"Task analysis is a systematic analysis of the behaviour required to carry out a task with a 
view to identifying areas of difficulty and the appropriate training techniques and learning aids 
necessary for successful instruction", North et al (1982). 
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Other definitions have acknowledged the difference between task analysis and synthesis, such 
as Singleton (1971). "Task synthesis is done from the functional diagram and task analysis 
from observation and measurement of the operator's activity within a system." . 
"The analysis of tasks consists of examining the anticipated stimulus inputs to, and the 
required outputs from the operator, and conceptualizing the behavioural processes required 
to get from the input to the output," Doring (1976). 
"A time oriented description of personnel-equipment-software interactions brought about by 
an operator, controller or maintainer in accomplishing a unit of work with a system or item 
of equipment. It shows the sequential and simultaneous manual and intellectual activities of 
personnel operating, maintaining, or controlling equipment" (US MIL-H-46855B). 
"A basic process common to all tasks is that of inferring from the design of the equipment, 
what human tasks will be required when the system is completed; this is a process of 
predicting the nature of future tasks," McCormick (1976). 
2.5.3 Definition oC task analysis offered Cor this thesis. 
The author noted that task analysis was merely a tool and offers the following definition. 
"Task analysis is a presentation of the behaviours (of individuals or teams), and possibly the 
information and equipments, required to perform the aspects of tasks that are relevant to the 
study being carried out. " 
The author also believed that the taxonomy used should be specific to the application and of 
a type which is understood by the proposed users of the analysis. Operator behaviours and 
functions and sundry information such as task demands should be analyzed only to the levels 
of detail required by the application. 
2.5.4 Purpose of Task Analysis. 
Researchers have defined the purpose of task analysis as follows: 
"The most general way of looking at task analysis is as the process of collecting information 
necessary to reach decisions about what to train, how to train, even how well to train, and 
perhaps how much to spend on training." Annett et aI (1971). 
Drury (1983) stated "The purpose of task analysis is to make a step by step comparison of 
the demands an operation makes on the operator with the capabilities of the operator" 
McCormick (1976) stated two purposes. "Task analysis as carried out during the design 
phase is intended to contribute to further improvement in the design. The second purpose is 
to provide job descriptions for personnel selection, manpower planning and training" 
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Van Cott and Kinkade (1972) stated "The purpose of task analysis is to provide the basic 
building blocks for the rest of the human engineering analysis •• 
2.5.5 The purpose or the task analysis in this thesis. 
The purpose of the task analysis performed for the work in this thesis was as follows. 'To 
provide a tool to be used as a design aid. This should document the 'in tank' activities of the 
MBT crew and indicate the task demands placed on the crew. Detail should be sufficient to 
compare 3 and 4 man crew activities in terms of time on task.' 
2.6 Techniques for Task Analysis. 
2.6.1 Tabular formats. 
The tabular format for task analysis was originated by Miller (1953) and has been the most 
commonly used ever since. Tasks were described and analyzed in a table. The rows 
contained tasks or sub-tasks and the columns contained relevant information concerning each 
task or sub-task. He distinguished between procedural tasks and continuous tasks and gave 
supplementary procedures for each of their analyses. Procedural tasks were analyzed in two 
parts; gross tasks were analyzed with the emphasis on display or situational features of the 
job. Sub-tasks were analyzed with the emphasis on the control actions or response aspects 
of the job. 
Continuous tasks were defined in terms of continuous feedback skills, which he defined as 
skills which involve "continuous adjustments (within the capability of the operator) to 
continuously changing stimulus conditions, part of which are a consequence of the operator's 
adjustments. " These were analyzed in terms of displays, controls, decisions, actions and 
feedback, as well as errors. 
Folley (1964) built on Miller's format and extended it, devising four stages; system block 
analysis, task time charts functional task descriptions and behavioural details descriptions. 
These were to show the extent to which each of several defined kinds of on-going activities 
was involved in the task; the temporal, sequential and causal relationships among these 
activities; characteristics of the detailed behaviours that constituted the activities; 
contingencies that might have affected task performance; and disruptive conditions under 
which the task might have to be performed. 
2.6.2 Task equipment analysis. 
This was a tabular format which listed the task sequences and their associated equipment as 
well as the frequency and duration of tasks. They commonly emphasized information 
displays. Examples of these, developed by WADD and by HRB Singer, were given by 
Snyder (1960) and Parsons et al (1970). 
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2.6.3 Flow diagrams. 
i) InCormation-Decision-Action (IDA). 
The lOA format used symbols to present task analyses data in a flow diagram type of chart. 
Two versions of the IDA format, developed by HRB Singer and Dunlap and Associates were 
described by Snyder (1960). In both versions, information was indicated by triangles, 
decisions by circles and actions by squares. Feedback was shown by a diamond. The 
symbols were numbered and connected by straight Iines'to indicate action sequences. 
IDA charts could be used to portray the operations of a single operator or a group of 
operators. Sequences flowed from top to bottom of a chart, with simultaneous tasks shown 
side by side. Time was represented by a line or mark placed at the left of the chart at the end 
of appropriate intervals. Symbolic information was supplemented by verbal descriptions of 
systems events on the charts or in separate narrative explanations. 
ii) Operational Sequence Diagrams (OSDs). 
Operational sequence diagrams presented operator task information in a graphic format similar 
to the IDA chart format. Both techniques proffered standardized symbology to represent 
types of events and connecting lines to depict event sequence and information flow. 
(Variations on the standardized symbols have evolved with applications of OSDs.) Verbal 
descriptions of events were also used in both methods. The OSD has been widely used for 
the convenient portrayal of individual operator task sequences, types of tasks, time relations 
and crew interactions. A separate column was used for each man and each principal 
subsystem in the system. Further descriptions and examples of OSDs have been given by 
Kurke (1961) and Malone et aI (1967). 
iii) Operational Sequence DiagramlTask Analysis OSDITA. 
The OSDrr A combined the advantage of graphic and tabular formats into a single format. 
For each OSD symbol, descriptive data were presented in adjoining columns in a task analysis 
format. According to Malone, et ai, (1967), the combined format was preferred over the 
normal tabular TA format since it incorporated the OSD features of integration of tasks. It 
also corrected one limitation of OSDs by providing greater detail of task descriptions in the 
TA format. 
iv) Functional Flow Block Diagram (FFBD). 
Functional flow techniques have been developed for use in the system engineering 
management process described in the Air Force Systems Command Manual, AFSCM 375-5. 
In the first step in that system design process, system requirements were identified and 
translated into functional requirements, ie statements of operation, which were presented in 
functional flow block diagrams. 
The system design process was iterative, starting with broad system functions identified in 
a top level FFBD and continuing to progressively more detailed functions and subfunctions 
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presented in lower level FFBDs. The functions at each level were analyzed and translated 
into design requirements which were recorded on Requirements Allocation Sheets. 
v) Requirements Allocation Sheet (RAS). 
The second step in the system engineering process described in AFSCM 375-5 was to identify 
design requirements and to document them on Requirements Allocation Sheets. Each function 
identified in each block of a FFBD was analyzed to define criteria for designing equipment 
and computer programs, and to determine requirements for personnel, training, training 
equipment and procedural data. 
Operator task requirements were specified to the depth required to identify human engineering 
requirements and to define procedures. 
2.7 Miscellaneous Methods. 
2.7.1 Time line. 
Time line task analysis has been used successfully to show the sequence of activities of 
several crew members simultaneously by Hopkinson (1972). The vast amount of data 
generated by this technique left a question mark over the most appropriate type of analysis 
and level of detail required. Marshall (1985) investigated the use of an activity recording 
device and subsequently used hand held computers for both the recording and analysis of such 
data. These were used for the 'off tank' activities on the military exercises and reported in 
Streets et al (1987)a and (1987)b. 
2.7.2 VERA 
Oesterreich and Volpert (1986) outlined a task analysis based on action regulation theory. 
Instructions for carrying out this procedure have been produced in a handbook, and manual, 
and were described in Oesterreich (1984). The technique was called VERA (Verfahren zur 
Ermuttlung von Regulationserfordernisen in der Arbeitstatigkeit. Instrument to Identify 
Regulation Requirements in Industrial Work.) It has been applied to industries such as 
mining, coal processing, food, chemicals, printing, power and many more. Details of this 
method were given in Oesterreich and Volpert (1986). 
2.7.3 Cognitive Task Analysis. 
Braune and Foshay (1983) proposed a cognitive/information processing task analysis which 
they considered might lead to practical procedures for task analysis and instructional design. 
It was in 3 steps: hierarchy analysis; analysis of example sets to teach relations among 
concepts, and analysis of problem sets to build a progressively larger schema for the problem 
space. They saw the strategy as avoiding the detailed information flow analysis usually found 
in descriptive research on human information processing. They outlined the research basis 
by offering a descriptive model of human performance which identified four dimensions: a 
knowledge system; a cognitive/information processing system; a physiological system, and 
a motivational/emotional system. 
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2.7.4 Human Computer Interaction (HCI). 
The fact that an increasing percentage of the workforce interacts with computers, has brought 
an urgent need for analysis techniques appropriate to HCI. Some of these evolving techniques 
have been underpinned by descriptions of behaviour that warrant a mention in a review of 
task analysis literature, for instance, the GOMS model. 
2.7.5 The GOMS model 
The GOMS model was developed by Card, Moran, and Newell (1983) based upon the earlier 
work by Newell and Simon (1972) on human problem solving. GOMS was a family of 
models, the acronym stood for Goals, Operators Methods and Selection rules, which was 
descriptive of how the model worked. It has been applied mostly to the use of computer 
software text editors. 
This model viewed the person using the computer, as a processor. His processing capacity 
was seen in terms of three cognitive functions; perceptual, motor and cognitive. Each was 
a subsystem with its own memories and processors; it was described in terms of storage 
capacity (number of items), decay time of an item, main code type and the cycle time. Card, 
Moran and Newell reviewed research in cognitive psychology to find estimates of the times, 
along with a plausible range. 
Predictions for the amount of time and the number of errors associated with a task or design 
were made by breaking the task into its components and providing values for the parameters 
associated with each component. 
2.8 References giving advice on the use oC techniques. 
The following have given instructions and advice concerning how to carry out task analysis: 
Drury (1983), Annett et al., (1971), Meister (1971) and (1976), Doring (1976), Shepherd and 
Duncan (1980), Astley and Stammers (1987), De Vries et al., (1980), Mc Cormick (1976) 
and Miller (1953). The most comprehensive user guide to task analysis is that edited by 
Kirwan and Ainsworth (1992). 
2.9 Application of techniques. 
In practice, combinations of the above techniques have tended to be tailored as appropriate, 
according to the goal of the analysis. Here are a few typical examples of applications. 
Turner (1983) did an analysis of a complex military system in order to provide human 
engineering design information. He needed to show inter-relationships between personnel 
manning the system as well as between the system and other systems. The frrst phase of the 
analysis was one offamiliarisation. Phase 2 was the analysis which began with a description 
of the operational conditions being assumed. This was followed by the functional flow 
analysis which consisted of a series of function flow block diagrams. From these, the tasks 
are analyzed by the tabular format with the following headings: task, activity information 
required, control, display, indicator, skill/knowledge, constraints, and error impact. 
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Tabulations were followed by operational sequence diagrams for each function. These 
showed crew interactions and information flow. 
Noy et aI (1981) did a task analysis of crew activities in a military vehicle. This consisted 
of operational sequence diagrams with the addition of colour coding to superimpose further 
information about the operations. Tasks were cross referenced to the OSDs and decision 
factors were analyzed. Tabular format task descriptions were then carried out on the 
sub-tasks. Tables had the following headings: sub-task, required action, skill, feedback, 
errors, newness, difficulty, criticality. These last three categories were scored using a 4 point 
weighting scale for each. 
2.10 Analysis or tasks to predict operator workload. 
The next two examples show how task analysis techniques have been developed to predict 
operator worldoad. 
Stone (1982) analyzed complex tasks of crew operating remotely operated vehicles. He 
looked at each stage of each task and defined the information needed for the operator to 
complete the task. The first phase of the analysis consisted of flow charts of operating 
sequences according to yes/no decisions and their outcomes. Then the task components were 
further analyzed to give information required to make the decision, central processing 
involved, the outcome of a positive decision, the outcome of a negative decision, system 
adequacy and responses for all conditions. 
Information from the above analysis of task components was then used to make predictions 
of task difficulty. 
McCracken and Aldrich (1983), analyzed helicopter crew activities during a selection of 
mission functions. Mission phases were defined, then mission segments were defined and 
finally mission functions were defined. The functions were analyzed in tabular format 
according to performance elements, sub-system, attentional involvement, and duration (in 
seconds). 
Attentional involvement scores consisted of weightings corresponding to the supposed levels 
of processing involved. Attention was described in terms of visual, auditory, psychomotor 
and cognitive resource demands. The concurrent and sequential demands were then 
summarised. In the case of concurrent demands, the weightings given within each resource 
were treated as additive. 
2.11 Computer modelling teehniques. 
Once the above type of task analysis had been performed, the data could be incorporated into 
computer network models such as Microsaint. Microsaint was designed to run through the 
sequence of activities and compare and contrast proposed variations in the procedures. This 
allowed for comparisons to be made between systems in terms of characteristics such as 
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operator loading. Unfortunately Micro Saint required the input of mean and standard 
deviations of times to complete each activity. Therefore the model has proved difficult to 
use, depending on the availability of such timings. It was recognised that the model would 
benefit from a database of such timings, and development has been initiated to incorporate 
aspects of Microsaint with the databases from the Human Operator Simulator (HaS). The 
new product is to be called MS HaS, Dabl (1991). 
HaS had been evolved to input the predictions of human behaviour into systems design, Lane 
et aI (1981). It provided an extensive database, but was difficult to use and so is undergoing 
several iterations. 
2.12 DISCUSSION. 
2.12.1 The need for a common taxonomy. 
As the analysis techniques and the technology are ever changing, it is not surprising that the 
language describing them also changes and so there is still not a common taxonomy. The 
taxonomic problems outlined by Fleishman (1975) still remain as problems in 1993. 
Unfortunately, each type of discipline and technology uses its own jargon, and the same word 
might mean one thing to an engineer but something different, for example, to a psychologist, 
or to a software engineer. The fact that anal yses may be performed by someone from one 
discipline and used by someone with a background in another discipline, brings into sharp 
focus the need to develop a set of commonly acknowledged taxonomies and symbologies with 
clear definitions. If at all possible, these should be dynamic to keep up with the changing 
tasks that they are describing. After all, dictionaries are constantly updated with addenda to 
reflect our cha.nging language, so why not use this principle? 
The author feels that in the absence of a common taxonomy, then the taxonomy used should 
be appropriate to the target users of the task analysis. 
2.12.2 No common sense of purpose. 
The criticism has been raised, Gillies (1984), that task analysis literature shows no common 
sense of purpose. Perhaps this is inevitable because task analyses are carried out for several 
different reasons. For instance, to define training needs, analyze human functions, Drury 
(1983); to indicate workload peaks, McCracken and Aldrich (1983), to analyze the functions 
of operators within a system currently in operation and enable predictions concerning future 
reconfigurations of that system, Kan (1983). The types of techniques used will differ 
according to the purpose and so there can be no one standard technique. Therefore, attempts 
to standardize techniques may be fruitless. Also, analysis techniques have to change as the 
tasks become more complex. 
2.12.3 Growing need for new techniques. 
The rapid evolution of information technology has brought a need for new task analysis 
techniques to cope with the cognitive complexities of tasks and it is perhaps in this field that 
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a consistent technique for task analysis and synthesis should be evolved. This in turn might 
feed back standardized procedures or strategies into the practical domain; programming, 
checking and validating programs, for example. There is no structured or standardized 
method for checking whether a long complex program will work and correction of a fault in 
one part of the program may cause another fault to occur elsewhere in the program. Perhaps 
a structured and universal method for task analysis/synthesis of the programming might 
indicate how the programming procedures might accommodate a checking mechanism. 
2.12.4 Computer models. 
Computer models have to be based on the behavioural assumptions available at the time they 
were developed. Therefore Microsaint assumes that mental processing can be 'weighted' for 
attentional involvement according to the depth of processing assumed for any given activity. 
This has yet to be validated and does not take account of the clashing processing demands of 
some simultaneous tasks. Also, as previously noted, there is no in-built database concerning 
the length of time any activity is likely to take. Therefore all the relevant information has 
to be keyed into the model before use. In practice, this means that an extensive and detailed 
task analysis has to be carried out before using the model. 
Even if MS HOS is developed incorporating parts of the HOS database into the Microsaint 
networking model, it wiII stiII need to be validated, because it maintains the same unproven 
underlying assumptions as Microsaint. 
2.12.5 Gaps in the literature. 
As can be seen from the review, there has been no shortage of advice on how to carry out 
analyses, and there have been several published and available analyses. However, there are 
few examples describing the full history of how the analyses are subsequently used. 
Other gaps in the literature, such as the lack of common purpose, definition, and taxonomy, 
are only to be expected. This is because of the changing nature of the tasks being anaIyzed 
and the diversity of reasons for carrying out analyses. 
Given the changing nature of the tasks being analyzed, there is an increasing need for work 
concerning artificial inteIligence and knowledge based systems. This is ultimately to provide 
clear guidelines for designers and system engineers and furnish them with detailed functional 
requirements for work stations, both hardware and software. 
The increasing reliance on high technology systems, coupled with the fact that systems are 
often operated by teams of people, has brought a need for analysis of team activities. 
Information flow between team members is often critical and takes place within severe time 
constraints. Techniques are needed to analyze and portray team activity and information flow 
in such a way that it can be optimised in systems design. 
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2.12.6 What the task analysis for this thesis would have to provide. 
The task analysis to be provided by this thesis was to be used to inform the design of future 
technology within the main battle tank. Technology was to be developed both to aid 
information processing within and between crew, other vehicles, and other levels in the chain 
of command, as well as to provide some degree of task automation and task aids within the 
battle tank. Therefore the author considered that the task analysis to be carried out for this 
thesis would have to provide the following: a design aid tool that presents information flow 
between crew as well as details of the activities of individual crew; an indication of how long 
is spent on each type of activity, and the cognitive psychomotor demands of selected critical 
tasks. It was anticipated that a combination of the techniques outlined in this chapter would 
be required to provide the varying levels of detail required of such an analysis. 
2.12.7 Teclmiques that would meet the above needs. 
At the outset of this work, there was little information concerning the activities of MBT crew. 
It was clear that information both of a general and specific nature concerning crew activities 
was required before completing the task analysis proper. Familiarization with crew duties 
and preliminary interviews of crew would provide the information needed to select the 
methods, taxonomy and levels of details to be used for the main task analysis. These would 
also provide a preliminary task analysis which would help with the choice of workload 
measures to be implemented during the military exercise. 
Information decision action formats and function flow block diagrams would be suitable to 
describe the set action sequences such as gunnery drills. 
The time spent on activities was required and some form of time line analysis would be 
necessary to gather this information. Distinctions would have to be made according to the 
activity phase, for example, battle and non battle activities. 
Sequences of team interactions, activities and information flow would have to be shown. 
Operational sequence diagrams would provide sufficient detail for this, and the combination 
of tabulations as required would allow for greater detail and the addition of task demands or 
other information required (Malone 1967). 
2.13 CONCLUSIONS AND RECOMMENDATIONS 
This review has given an overview of available task taxonomies and methods for task 
analysis. Recommendations are made concerning suitable analysis methods for the provision 
of a task analysis of MBT crew which can be used as a design tool for future generations of 
MBTs. 
2.13.1 Defining tasks. 
The literature revealed a diversification of definitions of tasks. For the purposes of the task 
analysis for this thesis, the author evolved the following definition. • A task is a set of 
activities contributing to a common goal, performed by an individual or by a team.· 
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2.13.2 Task taxonomies. 
In the absence of a common taxonomy, the author recommended that any taxonomy chosen 
should be appropriate for the users of the analysis. For the purposes of this thesis it was 
recommended that it should be not be couched in psychologist's jargon, but should give 
straightforward indications of the types of activities required by the task, and the type of 
demands the task places on the operator. 
2.13.3 Defining task analysis. 
Definitions of task analysis were shown to vary according to the purpose for which they were 
being carried out. The author offered the following definition. "Task analysis is a 
presentation of the behaviours (of individuals or teams), and possibly the information and 
equipments, required to perform the aspects of tasks that are relevant to the study being 
carried out. " 
2.13.4 Analysis techniques. 
The literature offered an extensive range of techniques, models and data bases for describing 
and analysing tasks, each application brought its need for a tailored blend of these techniques. 
The complexity of tasks has altered with the evolution of information technology. Therefore 
the analysis of complex tasks also has evolved, but such evolution has lagged behind that of 
the technology. This is because the need for new techniques is established by the evolving 
new technology. 
2.13.5 Techniques suitable for the analysis carried out for this thesis. 
The author considered that techniques suitable for the analysis carried out for this thesis were 
as follows: a mix of operational sequence diagrams to show crew interactions and information 
flow; functional flow block diagrams to show a selection of set activity drills, and a series of 
tabulations to give details of task demands. Overall time spent on tasks was also needed and 
this would have to be obtained with a time line task analysis. 
Given the lack of information concerning the activities to be analyzed for this thesis, it is 
recommended that the main task analysis is preceded by the author becoming familiarized 
. with the activities to be analyzed. A pilot task analysis should then be carried out in order 
to determine the various levels of detail required of the main analysis, as well as the 
taxonomy to be used and the way in which task demands should be represented. 
2.13.6 Gaps in the literature. 
There were shown to be few cases in the literature which fully documented the 'aftermath' 
of the analysis, the way in which the use of a particular analysis had effected change. 
The changing nature of tasks has evolved a need for further literature on the analysis of 
artificial intelligence and knowledge based systems. 
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Evolving technology and the increase in activities that rely on information being passed 
between operators within a short space of time has brought an increasing need for techniques 
to analyse team activities. 
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CHAPI'ER 3 
REVIEW OF THE LITERATURE ON WORKLOAD. 
3.1 INTRODUCTION 
3.1.1 Aims or this review. 
a. To outline a selection of methods for measuring 
workload. 
b. To provide an initial framework for the measurement of 
workload during a military exercise. 
c. To recommend suitable types of workload and activity 
measures for the examination of crew activity and workload 
during a military exercise. 
3.1.2 Background 
The concept of an optimum level of workload has been acknowledged for many years. If 
workloads are persistently too high or too low, people performing the tasks suffer from stress 
and their performance deteriorates. Therefore, in attempts to improve and maintain the 
efficiency and performance of workers, or even to improve their wellbeing by reducing stress 
imposed by work, researchers have tried to define and measure workload. Workload has 
been measured in many very different types of tasks, for instance, energy expenditure of tea 
leaf pickers in the heat of India, (Sen et al., 1983); analysis of speech patterns of air crew 
(Cannings 1979), psychoneuroendocrine responses to mental loading of computer tasks 
(Hyyppa et al., 1983) and physical workload of draft oxen in India (Gite 1983). 
Early studies of workload were usually performed by engineers and designers using analytical 
techniques focusing on observable activities and time line analyses. Physiological measures 
were used, and as technology led to the need for people to carry out increasingly more 
complex tasks, so the theory of workload and its measurement had to expand to encompass 
those psychological aspects as well as the physical aspects of workload. 
Special importance has been attached to the study of mental workload ever since technology 
evolved to the extent that the human could become the limiting factor, or the weakest link in 
performance of a poorly designed system, and the consequences of mistakes could be 
catastrophic, especially in systems such as aircraft. 
Until the 1980s, measurement techniques were only loosely based in academic theory because 
the theory itself was as diverse as the applications. This fact is reflected by the immense 
number of definitions of workload that abounded in the late 1970s, as exemplified in the 
introduction to AGARD AG 139, Hartman (1980). 
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Researchers tended to use definitions that fitted their particular application area, and measures 
that could be expected to show discernable results in that application area, rather than trying 
to develop a unified theory of workload. This parallels work in medicine, where treatments 
were used because they appeared to work and the understanding of what was being treated, 
or how the treatment worked, came later (if at all). In the same way, so workload metrics 
were chosen for given tasks because they had been shown to give usable results in the past. 
The understanding of what was being measured, or how the measures related to each other 
could come later. 
A major milestone in relating the various measures to each other, and looking at workload 
as a multi-dimensional construct came when Wierwille and Williges (1978) reviewed the 
behavioural research literature on the measurement of air crew workload. They summarized 
the types of measures which were best suited to specific situations and concluded that any 
measurement of workload needed to consist of a battery of measures in order to give anything 
like a fuIl picture. This should include measures of subjective opinion, spare capacity, 
primary task performance measures and physiological correlates. 
FoIlowing this, the theory of mechanisms underlying workload was studied in a more 
systematic manner. Definitions took account of the multi-dimensional nature of workload and 
eventually the dynamic nature of the construct also became apparent and was expressed (Hart 
and Staveland 1988). Where possible, theories of mental workload were related to the 
theories of attention (which also still continue to evolve). However, the ways in which 
physiological measures related to the psychological measures remained a somewhat grey area. 
Now there is a wealth of literature on the measurement of mental workload, especially that 
of air crew, which has been studied extensively since the early 1980s by the NASA Ames 
Research Centre USA (Hart 1987). 
As might be surmised from the above, any review of workload literature would have to be 
selective in nature, . otherwise it would run into several volumes describing each class of 
measure and the underlying theories that are evolving to explain the findings of each class of 
measure. 
3.1.3 Layout or this review. 
Techniques have been outlined within the categories of subjective objective, physiological and 
measures of fatigue suitable for use in a military exercise. Subjective measures have been 
dealt with in detail addressing aspects such as how many subjects would be required in order 
to coIlect sensitive and reliable data. 
When considering objective performance measures, the use of secondary tasks has also been 
examined in detail. 
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Physiological measures have been reviewed briefly. They were considered, but not deemed 
to be practical for this particular application because of the amount and robustness of 
instrumentation required, also the lack of data analysis techniques available within the limited 
timescale of the military exercise. 
Other relevant measures have then been outlined, and in order to keep this review succinct, 
the reader is referred to references for details. 
3.2 DEFINITIONS OF WORKLOAD. 
There are almost as many definitions of workload as there are techniques for measuring it. 
The reader is referred to Hartman (1979) and (1980) for several pages of definitions. For 
example, Beatty (in Hartman, 1979) noted that "The assessment of pilot workload is a special 
case of the measurement of information processing load, the aggregated demands placed upon 
an individual in the performance of a particular cognitive task or function. " 
In response to the definitions, Hartman (1980) noted that "There probably is no way to 
separate workload, fatigue and stress in terms of definition, measurement approaches, or 
research strategies." 
Beevis (1992) chose the following definition of workload as being appropriate for use with 
the analysis of man-machine systems: 'The level of activity or effort required of an operator 
to meet performance requirements or criteria'. 
Ellis and Roscoe, cited in Roscoe (1987) carried out a questionnaire study and discovered that 
80% of the 350 pilots questioned, thought of workload in terms of effort. As a result, the 
following defmition of workload relevant to pilots was proposed. "Pilot workload is the 
integrated mental and physical effort required to satisfy the perceived demands of a specified 
flight task. " The author felt this definition to be acceptable but limited. It does not include 
the fact that the pilot will be aware that he has his own mental and physical processing 
resources available for completion of the task. He will also have some idea as to whether his 
resources match those demanded by a specific flight task. His perception of the task 
workload will vary depending on the comparison of his own, versus the required demands. 
The effort required to satisfy the perceived demands of a flight task is one influence on 
performance; the resources that the pilot has available also influence performance, as do the 
various internal (emotional, physiological) and external (environmental) stressors. 
Workload has often been studied because it is desirable for system performance (including 
the human aspects), to be optimised. As noted above, task demands are only one of several 
influences on performance and the author felt that a comprehensive definition would have to 
be in terms of a framework of influences on performance. This topic has been further 
addressed in chapter 12 of this thesis, (the discussion). 
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At the outset of the work programme for this thesis, the traditional static concept of workload 
was in use. It separated task demands from workload and detined workload as a product of 
task and operator related 'drivers' (Hart 1987), see Figure 3.1. 
Traditional Static Concept of Workload (Han 1987) 
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Hart (1987) rejected this and developed a dynamic concept of workload which considered 
workload to be a contributing cause of behaviour rather than being its consequence (Hart 
1987), see Figure 3.2. 
Schematic Diagram of the Dynamic Concept of Workload. (Han 1987) 
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.After asking crew to describe factors that influenced their workload and performance, the 
author also rejected the traditional static concept of workload because it did not account for 
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the many factors that affected crews' perception of their workload when task loading 
remained constant. Therefore a 'working framework' was evolved as a starting point for this 
thesis, see Figure 3.3. 
Initial Framework ror Factors Innuencing Perrormance and Perceived Workload. 
Emotional stress Task length 
Well being Time pressure Subjective Environment 
workload Type of task demands 
Amount of task demands Type of effort ! Amount of effort 
P,erformance (perception of 
Performance own performance) 
Task complexity 
Training 
Feedback 
Fatigue Purpose 
Amount of Physical and 
mental activity 
Motivation 
Boredom 
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Figure 3.3 
In this working framework, subjective workload and performance influence each other and 
both influence and are influenced by factors such as task demands, effort required and 
expended, training, fatigue, motivation and boredom. This framework is addressed more 
fully in chapter 12 of this thesis. It was reassessed as work for the thesis progressed. 
3.2.1 Further development or the concept or workload. 
The author further advanced her concept of workload as a result of the findings of the studies 
reported within this thesis. It is proposed that workload should be viewed in terms of 
influences on performance. The performance influence loop is offered as a working 
framework for the study of workload and is described in chapter 12 (the discussion). 
3.3 TECHNIQUES FOR MEASURING WORKLOAD. 
3.3.1 Introduction to technillues. 
These fall into the' broad categories of subjective. measures, objective measures of task 
performance, and physiological measures .. 
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3.3.2 Subjective measures. 
Subjective measures can be easy and cheap to implement. They need not interfere with the 
tasks being investigated and they have face validity. This is why they have been used 
extensively as workload measures. The following outlines a selection of techniques. 
3.3.2.1 Unidimensional rating scales. 
Unidimensional scales measure workload along a single dimension, such as task difficulty, 
or activity level. For example, the l00mm line technique. The worker indicates his opinion 
by making a mark on a line which has ends labelled with opposite extremes of opinion. 
Variations of this include ten point scales with labelled extremes, such as the McDonnell 
scale. Also graphic scales have been used, anchored at the extremes by 0 and 10 with verbal 
labels, for instance the University of Stockholm scale (Dornic, 1980a, 1980b; Domic and 
Andersson, 1980). 
This latter example asks for judgments of the amount of effort required for task performance. 
Vidulich and Tsang (1988) used a bipolar rating scale called the 'Overall Workload' scale 
(OW). This was designed to assess subjective workload by rating a position on a horizontal 
line divided into twenty slots marked from 'Iow' on the left and 'high' on the right hand ends. 
This has been superseded by the Subjective Workload Dominance technique (SWORD), 
Vidulich (1989 and 1991). 
3.3.2.2 Cooper Harper and related scales. 
The Cooper Harper scale was not developed as a measure of workload, but it is noted in this 
review because it spawned variations which have been used widely and successfully to 
indicate workload. 
The Cooper Harper Hoandling Qualities scale (Cooper and Harper 1969) is a ten point rating 
scale in a decision tree format which was developed for pilots. It refers to aircraft handling. 
characteristics. The pilot considers the adequacy of the aircraft for a specified task. A rating 
is derived on the ten point scale based on the judgment of adequacy, aircraft characteristics 
and demands placed on the pilot. 
This was modified by Wierwille and Casali (1983), to deal with operator workload, mental 
effort and performance, instead of aircraft handling, controllability and pilot compensation. 
Wierwille et al., (1985) evaluated 16 workload measures and found that the Modified Cooper 
Harper Scale was sensitive in differentiating between low and high loading on pilots. Hart 
(1987 a) further developed the technique by using a reference task against which workload 
ratings were anchored. 
The Bedford scale (Ellis and Roscoe 1985) was also based on the decision tree format and 
used the concept of spare mental capacity. This did not give absolute values of workload 
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which meant that comparisons could not be made between pilots. Roscoe (1987) decided that 
the scale lacked sensitivity at the lower end, since it was found that 'half ratings had to be 
given which were not originally catered for. 
The above methods provide ordinal data. In some cases, interval data can be provided by 
psychometric techniques. This means that parametric statistical analysis can be used where 
possible, and interactions between variables can be studied. 
3.3.2.3 Psychometric techniques. 
Psychometric techniques include magnitude estimation (eg., Borg, 1978; Helm and Heimstra, 
1981); paired comparisons (eg., Daryanian 1980; Wolfe, 1978), and multidimensional rating 
scales including cojoint measurement and scaling (eg., Donnell et al., 1981 and Reid et al., 
1981). 
3.3.2.4 Magnitude estimation. 
Magnitude estimation involves assigning a number to estimate the difficulty of a task that is 
to be used as a reference, alternatively, the experimenter assigns the value to the reference 
task; subsequent tasks are then rated in comparison with that reference task, (Stevens 1958). 
If a subsequent task seems to be twice as difficult for example, then it will be given double 
the rating for the reference task. 
3.3.2.5 Paired comparisons. 
Using the paired comparisons technique involves presenting the worker with pairs of stimuli 
that vary in some defined manner, for instance the degree of mental workload in each. The 
worker indicates which of the pair possesses the greater degree of this attribute. By 
presenting (to several people), all the pairs of stimuli relevant to the tasks being examined, 
a matrix is then derived showing the proportion of times that each stimulus was judged higher 
than any other stimulus on the criterion attribute. Wolfe (1978) used this technique to 
develop a workload measure for instrument landing approaches in a flight simulator. 
Daryanian (1980) used it to scale mental workload in a decision making laboratory task. 
O'Donnell and Eggemeier (1986) found that this type of technique required so many 
comparisons to be made that they deemed it to be more suitable for laboratory based tasks 
than field tasks. 
3.3.2.6 Equal appearing intervals. 
In cases where a large number of tasks are involved, the method of equal appearing intervals 
would be more easily used (eg. Edwards 1957). Typically, a group of statements is presented 
to the person who will be performing the tasks. He has to assign each stimulus to one of 
several categories according to the degree of a criterion attribute that it possesses, for 
example, workload. Labels are usually included for the extreme categories, with a centre 
neutral point. The intervals between these anchors represent equal intervals on a scale. 
Hicks and Wierwille (1979) used this method with success to develop measures of workload 
in a car simulator. 
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3.3.2.7 Multidimensional rating techniques: cojoint measurement and scaling. 
The multidimensional procedure which has been applied specifically to the development of 
workload scales is the technique of cojoint measurement. (eg., Coombs et al., 1970; Krantz 
and Tversky, 1971; Nygren, 1982; Tversky and Krantz 1969). This involves taking separate 
ordinal ratings on a set of two or more dimensions and combining them into a one 
dimensional scale with interval properties. 
In the case of workload measurement, the separate ordinal scales reflect dimensions like time 
stress or mental effort, that contribute to subjective mental load. Application of the cojoint 
measurement procedure involves two phases: developing the scale and scoring the tasks. 
Examples of this are the Subjective Workload Assessment Technique (SWAT) and the NASA 
Task Load Index (NASA TLX). 
3.3.2.8 Subjective Workload Assessment Technique (SWAT). 
SWAT was developed by Reid et al., (1981), and is a three dimensional rating scale which 
gives ratings for time pressure, mental effort and psychological stress, each on a three point 
scale. An overall rating is calculated from a combination of these. The person carrying out 
the ratings first rank-orders all 27 possible combinations of high, medium and low ratings on 
the three dimensions. This ranking is based on the person's general experience, not on any 
particular task. From this, an overall interval, one dimensional workload scale is constructed 
which represents the joint effect of time load, mental effort load, and psychological stress 
load. The person then performs a task and rates it in terms of low, medium or high for time 
pressure, mental effort and psychological stress. The particular combination of ratings given 
to that task is then used to assign a subjective workload score to that task. 
Validity studies (Eggemeier et al., 1982, Reid et al., 1981,) found SWAT to be sensitive to 
differences in workload on experimental tracking tasks and a memory update task; however 
it did not diagnose whether sources of load were perceptual, cognitive or motor loading. The 
fact that the ranking procedure is based on a general 'a priori' workload definition rather than 
one which is task specific means that it is relatively insensitive to some experimental 
manipulations of tasks. 
However, the ranking procedure is time consuming, and it would not be feasible to repeat it 
in the operational environment in an attempt to increase sensitivity. 
3.3.2.9 Mission Operability Assessment Technique. 
This is described in Donnell et al., (1981), and Helm and Donnell (1979).In this technique 
a number of factors such as pilot workload and the amount of help that the system gives him 
are combined into an overall concept called 'systems operability'. Separate ordinal rating 
scales are developed for each and a system operability matrix is developed. A task analysis 
of the system being studied is completed and the system users estimate the pilot workload and 
technical effectiveness for elements of the system. This rank data is then used to develop an 
overall interval scale of systems operability. During the development of the scale, it was 
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found that reliabilities between different people performing the rankings were high, but for 
each scale there were tasks on which pilot disagreement was substantial. 
As a result, Donnell et al., (1981) recommended the use of as many subjects as possible when 
using the Mission Operability Assessment Technique. 
3.3.2.10 The NASA Task Load Index (TLX). 
The NASA-TLX was developed by the Human Performance Group at NASA Ames Research 
Centre (Hart et al., 1984; Hart 1987b, NASA 1986; Hart and Staveland 1988). It provides 
and overall workload score based on a weighted average of ratings on six sub scales: mental 
demand; physical demand, temporal demand; own performance; effort, and frustration. The 
first three of these dimensions relate to the demands imposed on the person, the last three 
concern the interaction of the person with the task. 
The NASA-TLX is a two part evaluation consisting of both weightings and ratings on each 
of the six dimensions. Firstly, the person who is to perform the task evaluates the 
contribution of each of the factors (the weights) to the workload of a specific task. He or she 
would be presented with the fifteen possible pairs of the six workload dimensions, and would 
choose the member of each pair that contributed more to the experience of workload after 
carrying out a particular task. The number of times a particular factor has been selected 
throughout these comparisons is counted, and this becomes the weighting for that factor. A 
different set of weights would be obtained for each distinctly different task. Secondly, 
numerical ratings are obtained for each of the six sub scales that reflect the magnitude of each 
factor in a given task. The person performing the task does this by marking a 20 point 
rating scale for each of the six sub scales noted above. 
Since ratings can be given relatively rapidly, they can be obtained in operational settings, 
even during each task. An overall workload score can be calculated by multiplying each 
rating by its assigned weight. Then the sum of the weighted ratings for each task is divided 
by the sum of the weights (15). 
3.3.2.11 Situational Awareness. 
This is not specifically a technique for measuring workload, but it is affected by workload 
and so deserves a brief mention. Anyone with a need to measure workload might also 
consider whether a measure of situational awareness is required to give a more complete 
picture. Endsley (1988) defined situational awareness as "the perception of the elements in 
the environment within a volume of time and space, the comprehension of their meaning, and 
the projection of their status in the near future". It is moderated by the person's capabilities, 
training and experience, his preconceptions and objectives, as well as his workload. 
One way of measuring situational awareness involves asking the person performing the tasks 
(usually a pilot) questions to determine his knowledge of his situation at that moment. Studies 
using this technique have usually concentrated on spatial awareness (Endsley 1988, Marshak 
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et al., 1987). Taylor (1989) constructed a Situational Awareness Rating Technique 
specifically as a tool for evaluating air crew systems interface design. The domains addressed 
in this technique are; demands on attentional resources (instability, complexity, variability); 
supply of attentional resources (arousal, concentration, division of attention, spare capacity), 
and understanding of the situation (information quantity, information quality, familiarity). 
3.3.3 Discussion of subjective measures. 
The underlying theories that explain what subjective assessments appear to measure, reveal 
them not to be a simple straightforward measure of task loading. As task imposed workload 
increases, subjective ratings of workload increase until a point where the person performing 
the task becomes so overworked that he may change the performance level that he is trying 
to achieve. Then the task seems less difficult and the subjective feeling of workload eases. 
If the person is not aware that he has changed his performance criteria, then his subjective 
ratings will no longer reflect imposed workload to the same extent that they did before the 
shift in criteria. 
O'Donnell and Eggemeier (1986) point out the limitations and guidelines for use that should 
be considered when using subjective assessments of workload. People sometimes confuse the 
mental and the physical aspects of task loading when trying to assess subjectively their 
workloading. Also ratings for difficulty and effort are not the same, so mental workload 
ratings for tasks that involve extreme degrees of physical activity should be interpreted with 
caution (Gartner and Murphy, 1976, Dornic and Andersson, 1980). 
It is best to ask for reports of workload associated with specific tasks or aspects of system 
performance rather than asking for global assessments of workload, which would be of little 
practical importance. Preferred methods are ratings of perceived effort expenditure or some 
similar construct, eg., stress or experienced mental load. Current evidence also shows 
dissociations between subjective and primary task measures of load, and these should be 
considered when interpreting the results of subjective estimates. It is also best to obtain the 
ratings as soon as possible after task performance because SUbjective ratings rely heavily on 
short term memory. 
3.3.4 OBJECTIVE MEASURES. 
3.3.4.1 Introduction to the concept of primary and secondary tasks. 
Objective measures consist of measures of observable behaviour, for example, direct measures 
of performance on the task in question. The task in question is referred to as the primary 
task. It is considered that performance on a primary task will suffer when the demands of 
the task exceed the capabilities of the person performing the task. It is assumed that people 
have an amount of mental processing capacity available to them from which they can allocate 
resources towards task performance. As the task demands increase, the mental resources 
allocated to that task increase, until eventually the task demands exceed the person's mental 
processing capacity and performance deteriorates. Primary task measures are used in this 
domain of task overload. Before task overload is reached, it is assumed that the person will 
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have spare mental processing capacity. This can be shown by asking him to simultaneously 
perform a further task, referred to as the secondary task. His ability to sustain performance 
on this secondary task should deteriorate as the primary task demands draw processing 
capacity from performance of the secondary task. 
3.3.4.2 Primary Task measures. 
Primary task measures assess workload by measuring performance on the task or design 
option of interest. As noted above, it is assumed that as workload increases, the additional 
processing resources used by the worker will result in a change (usually a degrading) of 
performance (Sanders, 1979; Williges and Wierwille, 1979). It is argued that measurement 
of such changes should provide an index of the workload of the task. Certainly, measures 
of the overall effectiveness of the person/machine interaction should be an index of workload 
since it directly reflects the outcome of the operator's efforts. 
3.3.4.3 Single primary task measures. 
A number of successful applications of single primary task measures have been carried out. 
Error and latency scores have shown sensitivity to workload manipulations. Dorfman and 
Goldstein (1971), for example, investigated the effect of increases in rate of sigual 
presentation on performance of a display monitoring task. Increases in speed of presentation 
led to systematic decrements in the number of correct responses. Such measures tend to show 
the performance strategy altering in favour of either speed or errors (the speed/error trade 
off). Kraus and Roscoe (1972) examined the effects of two types of aircraft control systems 
on procedural errors by pilots in a flight simulator. Pilot errors were approximately ten times 
greater for a normal controller versus one that permitted direct control over aircraft 
manoeuvring performance. 
However, there are also instances in which appropriate single primary task measures failed 
to reflect manipulations of task load. Several of the studies that provide examples of primary 
task insensitivity also used an additional measure of workload (eg a secondary task or 
subjective rating) which indicated that a significant manipulation of load did, in fact, occur. 
Schultz et al., (1970), for example, examined the effect of increases in the amount of 
turbulence on the glide slope error in a fixed base aircraft simulator. The glide slope measure 
failed to reflect significant performance differences as a function of handling difficulty, even 
though ratings on a Cooper-Harper scale were significantly different for some of the 
conditions tested. 
3.3.4.4 Multiple primary task measures. 
The use of multiple primary tasks would also appear to have a high face validity and most 
applications of these have been successful in demonstrating that at least some aspects of 
performance changed as a function of workload. 
Experiments using multivariate analysis have suggested that different primary task measures 
may be sensitive to different types of loading, as well as to different levels of load. Kreifeldt 
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et al., (1976) investigated the effects of three air traffic control management schemes on pilot 
simulator performance. They recorded 16 objective flight performance measures. A series 
of multivariate analyses of variance and discriminant analyses revealed that eight of their 
measures had been useful in discriminating the type of load being manipulated. 
There are also instances where multiple primary task measures have shown no sensitivity to 
different worldoad levels. Rolfe et al., (1974) used five primary task performance measures 
to evaluate their capabilities in assessing three different types of load (physical, perceptual and 
mental) in an aircraft simulator. Although observational measures and subjective rating 
revealed significant worldoad differences, none of the five primary task measures (which 
included glide scope deviation and airspeed variability) did so. 
3.3.4.5 Factors affecting primary task performance. 
Performance on the primary task is affected by motivation and the withdrawal of effort 
allocated. Decreasing worldoad could result in decreasing allocation of effort, but it could 
be argued that the processing capacity is itself reduced by factors such as motivation, fatigue 
and both internal and external environmental factors. 
3.3.4.6 Secondary task measures. 
As noted earlier, secondary task measures are designed to give an indication of spare 
processing capacity, so whereas primary task measures are used in the domain of overload, 
secondary tasks are used to examine underload, and approaching overload. The use of 
secondary tasks is reviewed by Ogden et al., (1979). 
Examples of secondary tasks are time estimation or interval production, memory tasks such 
as the Sternberg memory search task (Wickens et al., 1986), random number generation, and 
critical tracking tasks (lex and Clement, 1979). ' 
The use of secondary tasks requires both individual and concurrent performance of both the 
primary and secondary tasks. Individual performance levels are used as baselines for 
assessing the effects of concurrent task performance. The operator is usually instructed to 
maintain error free performance on one task at the expense of the other. Either primary or 
secondary task performance may be emphasized. 
3.3.4.7 Secondary loading task. 
If performance is to be maintained on the secondary task, then it is assumed that the 
additional load imposed by the secondary task will raise total worldoad and induce 
breakdowns in primary task performance. In this case, the secondary task is used as a 
loading task. Loading tasks tend to be used in laboratory settings in order to represent 
stressors that are present in the operational environment, but absent in the laboratory setting. 
Loading tasks have been used in a variety of applications to evaluate the adequacy of displays, 
configurations, methods of task performance and the effects of various types of stressors on 
primary task performance (Ogden et al., 1979; Rolfe 1971). 
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3.3.4.8 Subsidiary task. 
If performance is to be maintained on the primary task at the expense of the secondary task, 
then the secondary task is referred to as a subsidiary task. A number of studies (eg., Burke 
et al., 1980; Dornic 1980a; Schiffiet et al., 1982) illustrate the use of subsidiary tasks to 
measure reserve capacity differences not revealed by primary task measures. 
3.3.4.9 Sensitivity and intrusiveness or secondary tasks. 
The two main problems with the use of secondary tasks are their sensitivity and intrusiveness. 
If the secondary task loads a different mental resource from the one loaded by the primary 
task, then there is the danger of the secondary task performance not being sensitive to changes 
in primary task load. On the other hand, if the secondary task and primary tasks both load 
the same resource, then performance of the secondary task is likely to interfere with 
performance of the primary task because there may be competition for the same input and 
output modes. This is called peripheral interference (Wickens 1984a). It results from 
physical constraints such as the inability of the eye to focus simultaneously at two locations. 
In attempting to minimise intrusiveness caused by peripheral interference, Knowles (1963) 
suggested that primary and secondary tasks should use different sensory and motor modalities. 
Another approach has been to use tasks that reduce stimulus input or immediate response 
requirements. Examples include random digit generation (Zeitlin and Finkelman 1975), silent 
addition (McLeod 1973) and a time interval production task (Casali and Wierwille, 1982, 
1983.) Other techniques include adaptive and embedded secondary tasks. 
3.3.4.10 Adaptive secondary tasks. 
Intrusion also occurs when the person performing the tasks fails to maintain performance on 
one task at the expense of the other despite his instructions. In this case the analysis of 
performance shows the trade off between the two tasks. The use of adaptive secondary tasks 
are designed to minimise this type of intrusiveness by maintaining primary task performance 
but altering the secondary task loading (Jex and Clement 1979; Brecht 1977). Alternatively, 
embedded secondary tasks can be used to solve this problem of intrusiveness (Shingledecker 
1987). 
3.3.4.11 Embedded secondary tasks. 
An embedded secondary task is a calibrated task that already exists as a part of system 
performance. It represents one component of the worker's role in carrying out his task 
activities, it should have a lower priority than the main task. This ensures that the task is 
naturally relegated to a secondary role by the worker, so performance on this task will not 
interfere with performance on the primary task. Since the chosen embedded task is part of 
the normal activities of the worker, it does not appear to be artificial, also extra 
instrumentation needed is kept to a minimum and no extra training is required. 
Shingledecker et al., (1980) demonstrated the possibility of using radio communications 
activities as an embedded secondary task. Shingledecker and Crabtree (1982) evaluated the 
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sensitivity of the communications tasks to variations in load imposed by a critical tracking 
task in a low fidelity flight simulator. The total time to complete a communications 
secondary task served as the performance measure. 
3.3.4.12 Interpreting single and dual task performance, performance operating 
characteristics (pOC). 
Wickens (1984b) points out that several investigators have found a number of changes in 
performance between single and dual tasks that do not appear to be directly related to the 
demands of the individual tasks (Kantowitz and Knight 1976; Navon and Gopher 1979; 
Roediger et al., 1977). The sources of these changes in performance have been referred to 
as qualitative changes in single to dual performance (Roediger et al., 1977) or concurrence 
costs (Navon and Gopher 1979). They are considered to be non resource interference in 
performance because they are not seen to be related to the mental resources allocated to either 
the primary or the secondary tasks. This interference could be related to the two tasks 
competing for a single sensory or motor system, or to an additional demand on the person's 
processing resources occasioned by the combination of the tasks. 
Alternatively, the worker might vary his allocation of processing resources to tasks according 
. to the varying conditions of task loading. For example, whilst completing two tasks where 
the primary task is fairly easy, the worker might allocate resources to favour that task. Then 
when the primary task becomes difficult, he might allocate his resources to favour the 
secondary task. If measures were only made of secondary task performance, it might appear 
as though the more difficult primary task in fact demanded fewer processing resources than 
the easy primary task. 
Performance on either task may be influenced by the motivation of the operator regardless 
of the task. Therefore any experiments must be carefully designed taking motivation into 
account. 
Because of the potential effects of both non resource competition and allocation policy shifts 
on dual task performance, some investigators (Gopher et al., 1982, Navon and Gopher 1979, 
1980), have argued that the nature of interactions between concurrently performed tasks can 
best be investigated if both task difficulty and task emphasis are jointly manipulated in a dual 
. task situation. The effect of varying allocation policy between two concurrently performed 
tasks can be depicted graphically in the form of a performance operating characteristics (poe) 
curve (Wickens 1984a). Single task performance levels are indicated on X and Y axes, a 
hypothetical intersection point is drawn to represent perfect time sharing, or no single to dual 
decrement for either task. Hypothetical performance levels for each task are depicted for 
three allocation policies, and the curve joining the points represents the poe. Time sharing 
efficiency between tasks can be assessed by the average distance of the curve from the origin. 
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1his shows the trade-offs between concurrently performed IaSks. Each curve traces lhe bounds of joint performance 
under different levels in intertask priorities. Combinations Cl, C2, C3 and CS in (a) are feasibk: C4 is not. 
Numbers in brackets indicate the priority level of each task at that poinJ. The three curves describe different types 
of overlap between tasks in demands for processing resources: (a) total overlap,. (b) partial overlap," and (c) complete 
independence. From Boff et al (1986). 
3.3.5 PHYSIOLOGICAL MEASURES. 
A brief review of physiological measures is included in this chapter, although it was clear 
from the outset that from the practical point of view, it would be extremely difficult to 
implement this type of measure during the military exercise. It might be more appropriate 
to include measures of physiological indicators of fatigue over the course of the military 
exercise. 
3.3.5.1 Background. 
The concept of measuring workload through physiological processes such as heart rate, 
muscle tension, or eye movements would be very attractive if it worked, (reviewed by 
O'Donnell 1979 and Wierwille and Williges, 1978). Unfortunately many studies failed to 
find consistent patterns of physiological change with known changes in workload. Then it 
was discovered that many measures must be viewed as potential indices of specific 
psychological processes rather than as global measures of effort, arousal, or activation 
(Hassett, 1978). 
The methods that have been used most frequently to measure mental workload fall into the 
categories of measures of brain function, eye function, cardiac function and muscle function . 
• 
3.3.5.2 Measures of brain function: Introduction. 
This involves placing surface electrodes onto the scalp of the worker and recording brain 
activity using an electroencephalogram (EEG). Analysis of the resulting signals involves 
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averaging several EEG recordings which are time locked to the presentation of the stimulus 
of interest (Calaway et al., 1978). Alternative procedures have also been developed, such as 
the linear stepwise discriminant analysis (Donchin and Herning 1975 and Horst and Donchin 
1980), and the quadratic discriminant function as described by Aunon et al., (1982). 
3.3.5.3 Transient cortical evoked response. 
For this measurement, stimuli are presented to the operator at a relatively slow rate and the 
transient response of the brain is isolated in the recordings. Early components, the first two 
positive peaks, less than 250ms from the stimulus presentation, have been related to sensory 
characteristics of the stimulus, such as image sharpness, colour and intensity (O'Donnell 
1979) and to some early cognitive events. The third positive peak, which frequently occurs 
between 250 and 500ms from~ the stimu~us_ (p3()Q or P3), has been related to cognitive 
activities; and subsequent peaks, to motor factors such as movement or muscle contraction. 
See O'Donnell and Eggemeier (1986) for a review of this literature. 
The amplitude of the P300 has been examined with respect to workload measures with 
techniques such as the "Oddball" paradigm (Donchin 1981). Amplitude and latency have 
been examined in relation to the transient response to a primary task and it appears to index 
the cognitive workload in a memory scanning task (Gomer et al., 1976). 
3.3.5.4 Steady state evoked response. 
To obtain this measure, stimuli are presented relatively rapidly so that the response to one 
stimulus has not finished before the presentation of the second stimulus. The resulting steady 
state of brain activity has great potential for measuring sensory loading (O'Donnell 1983). 
Other techniques such as multiple site recording are still in the experimental stage. 
3.3.5.5 Measures of eye function. 
As it would be impracticable to include these measures in the military environment for the 
study of main battle tank crew, continuous measures of eye function will be only briefly 
mentioned in this review. The reason for their inclusion is that they might prove useful in 
the future when the heavy visual load of the battle tank crew comes under scrutiny with the 
advent of remote viewing devices. These measures fall into the categories of pupillary 
response, eye point of regard and scan patterns, eye blink and movement speed. 
Pupillary response (Hess 1965; Kahneman and Beatty 1966) changes as a function of the 
workload of several visually presented tasks. Beatty (1982) suggested that changes in pupil 
size might even be used to assess the relative workload of very different tasks. 
3.3.5.6 Eye point of regard and scan patterns. 
The hypothesis underlying the study of eye point of regard and scan patterns is based on the 
assumption that as the individual's workload increases, so time pressure will force 
modifications of the pattern of visual scan. Changes in such information gathering strategies 
imply the operator is load shedding, or otherwise trying to reduce the overall cognitive load. 
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These changes appear to be related to the person's perception of workload rather than the 
actual load (Dick 1980). 
3.3.5.7 Eye blinks and movement speed. 
Simple measures of blink frequency show great variability: not only do they have to be used 
in the most rigidly controlled settings, but also they do not appear to be a very promising 
workload assessment technique. Measures of closure duration and blink pattern have been 
used to index time on task effects (Oster and Stem, 1980). The frequency of large amplitude 
eye movements has been shown to decrease with time on task (froy et al., 1972). However, 
it is difficult to determine whether changes in motivation or fatigue have a confounding effect. 
3.3.5.8 Measures oC cardiac Cunction. 
The electrocardiogram (ECG), blood pressure, blood volume and oxygen concentration have 
all been used as physiological indices of performance, stress, or workload. With respect to 
workload, emphasis has been placed on the cardiac rate itself. Typically, surface electrodes 
allow identification of pulse beats. Absolute heart rate is affected by so many subtle 
psychological processes that it is probably not useful as a workload measure. However 
several studies have suggested that beat to beat variability can be used as a measure of mental 
effort and that it correlates with subjective ratings (Ljunggren 1986 and Vicente et al., 1987). 
3.3.5.9 Measures oC muscle Cunction. 
Muscle function can be measured by placing electrodes over the skin surface of the muscles 
and recording the myoelectric signal, this technique is referred to as electromyography 
(EMG). It allows measures to be made of the forces exerted by the muscles (Basmajian 
1978) and the fatigue induced changes in the spectrum of the muscular activity (O'Donnell 
et aI 1973). Although this appeared an attractive measure to use in the military exercise, it 
was considered that the instrumentation required would not survive in the working 
environment. 
3.3.6 Time line task analysis. 
Techniques for carrying out task analyses have been extensively reviewed in chapter 2 of this 
thesis. A task analysis would also give a very good indication of the relative activity levels 
of the two crewing methods. Activities both on and off tank would have to be monitored and 
the length of time devoted to each activity quantified. Not only could the task analysis be 
used as a record of crew activities for use in the generation of task synthesis for alternative 
future designs of MBTs, but it would also serve as an objective measure of activities and 
therefore of workload. 
3.3.7 Test batteries to measure cognitive processing. 
Several potentially suitable tests exist which have been validated in different environmental 
settings; many of which have been produced on desk top computers. Kennedy et al., (1977, 
1978, 1980a, 1980b, 1981) developed a Navy Performance Evaluation Test for Environmental 
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Research (PETER), and examined 60 such tests. Harbeson et al., (1983) produced an 
extensive bibliography for the tests used in PETER. 
The following references are useful with respect to the selection of suitable tests. Sandars et 
al., (1986) reviewed several test batteries and proposed that they should be standardized. 
Green and Morgan (1985) examined time of day effects on test performance; Ryman et al., 
(1984) examined the effects of sustained work on test performance; Ekstrom et al., (1979) 
examined such tests in terms of the cognitive factors that they purport to measure. Bartram 
and Bayliss (1984) reviewed major developments in the clinical and occupational use of 
automated testing. 
3.4 DISCUSSION 
3.4.1 With respect to the aims of the review. 
The first aim of the review was to outline a selection of methods for measuring workload. 
This has been achieved in terms of subjective measures, objective measures of task 
performance and physiological measures. It should be noted that the latest literature 
concentrates on developing further methods of measuring subjective workload. 
The second aim was to provide a framework for the study of workload. The literature views 
workload as a multi dimensional construct and provides no agreed definition of the construct. 
A substantial amount of systematic work concerning the definition of workload was carried 
out by the NASA Ames Research Centre and is extensively reported by Hart (1987). Having 
reviewed the literature, the author felt the definitions of workload, as well as the static and 
dynamic concepts of workload were unable to account for all aspects of influences on 
perceived workload. This view was later confirmed after interviews with main battle tank 
crew (chapters 5 and 6). An initial framework was proposed within which the various types 
of workload measure could be viewed. This framework has been modified later in this thesis 
as results of experiments and trials have been considered. It has been readdressed in the 
discussion of the thesis (chapter 12). 
The framework lists the following factors which influence (and are influenced by) subjective 
workload and performance: emotional stress and well being; type and amount of task 
demands and complexity; type and amount of effort being expended/available; perception of 
own current performance; fatigue; physical and mental activity level; task length, time 
pressure and environmental factors. 
To achieve a picture of workload in terms of performance influences, measures would have 
to be made of several of the performance influence factors. As recommended by Wierwille 
and Williges (1978), a battery of measures would give a relatively complete picture of 
workload. This battery should include measures of subjective opinion, spare capacity, 
primary task performance measures and physiological correlates. 
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3.4.2 Criteria for selection of workload assessment techniques. 
The following should be considered when selecting workload assessment techniques. 
Validity: whether the technique has been shown to measure the aspect of workload in 
question. 
Sensitivity: that is the capability of a technique to discriminate significant variations in the 
workload imposed by a task or group of tasks. 
Diagnosticity: the capability of a technique to discriminate the amount of workload imposed 
on different operator capacities or resources. 
Intrusiveness: the tendency for a technique to change performance of the primary task. 
Implementation requirements: factors related to the ease of using a technique, such as the use 
of instrumentation or the need for training. 
Operator acceptance: the degree of willingness of operators to co-operate and use the 
technique. 
3.4.3 Considerations of battle tank crew workload versus pilot workload. 
The review was also carried out in order to select the most suitable workload and activity 
measures for use on main battle tank crew during a live military exercise. A large amount 
of the literature was relevant to pilots. Major differences between the work of pilots and tank 
crew meant that much of the literature was not directly relevant to the work for this thesis. 
The main differences between the work of pilots and tank crew are outlined below. 
Pilots have a high cognitive component of workload and the study by Ellis and Roscoe (1985) 
showed that pilots viewed their workload in terms of mental effort, rather than in terms of 
task demands; interview studies carried out by the author (chapters 5 and 6) found that tank 
crew viewed their workload in terms of having to overcome the problems of fatigue and of 
working in a team whilst remembering all that has to be done; they spoke in terms of physical 
rather than mental effort. Pilots do the majority of their work in a relatively physically 
constrained environment whereas tank crew are in and out of their vehicles depending on the 
phase of the war, or exercise scenario. They do spend several consecutive hours closed down 
in the vehicles, but erratic sleep schedules with some sleep loss and a mix of hard physical 
work, long periods of relative inactivity, and bouts of strenuous and urgent activity, put 
different physiological and psychological pressures on the crews. This all contributes to 
fatigue. Any measures to be used for this thesis would have had to reflect these pressures 
as well as slotting unobtrusively into the military exercise. 
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3.4.4 The use of secondary tasks in the military exercise. 
For the purposes of the field exercises it was anticipated that some form of secondary task 
was appropriate, but because some secondary tasks might have proven insensitive for a 
variety of reasons, pilot studies were to be carried out to assess the sensitivity and 
intrusiveness of proposed tasks. The major constraint relating to secondary tasks was that the 
army retained control of the field exercise and that the realism of the exercise was not to be 
compromised. Any task introduced as a secondary task was not to be allowed to interfere 
with the military performance of the soldiers, or to alter their military worldoad. Therefore 
radio tasks appeared to be the most promising candidates as secondary tasks. 
Radio communications were to be logged to serve as an embedded task, also further 
secondary tasks were to be explored. The performance of the whole crew was of interest and 
secondary tasks would also have been suitable if they could test team performance. 
3.4.5 Further consideratious of performance measures required for use during the 
military exercise. 
Compared with pilots, during the military exercise MBT crew would be subject to a different 
work regime which involved more physical stress and an erratic sleep pattern that was certain 
to leave them sleep deprived and fatigued. This could affect the mental processing resources 
available for task performance. 
Therefore it was necessary to monitor the cognitivel psychomotor effects of this work regime 
on the soldiers, as well as measuring their worldoad. This meant devising a short battery of 
cognitive tests and rapid indications of visual and manual fatigue to be administered regularly 
throughout the exercise. 
3.5 CONCLUSIONS AND RECOMMENDATIONS. 
3.5.1 Definition of the concept of workload. 
Worldoad has been studied frequently in order to optimise the design of systems such that the 
human operator does not become the limiting factor in system performance. In the literature, 
the definitions of worldoad were diverse and usually either reflected the purpose for which 
worldoad was being measured, or they related to the measures used. Worldoad has been 
agreed to be a multidimensional construct comprising aspects that can be measured as 
objective performance measures, subjective measures of perceived worldoad, and measures 
of physiological response to worldoad or task performance. Hart (1987) proposed a dynamic 
concept of worldoad in which worldoad was viewed as being a contributing cause of 
behaviour. 
For the purposes of this thesis, the author defined worldoad as being the amount of activity 
performed in relation to the maximum capability of the person. Because the maximum 
capability of the person changes with circumstances, the author developed a framework within 
which to view worldoad as being only one of the several influences on performance. 
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An initial 'working framework' was proposed within which workload measures could be 
viewed. In devising this framework, the author agreed with Wierwille and Williges (1978), 
who suggested that in order to gain a more complete picture of workload, a battery of 
measures should be used. Ideally this would include objective performance measures, 
subjective measures and physiological measures. The 'working framework' has been further 
developed into a performance influence model later within this thesis. It has been addressed 
further in the discussion (chapter 12). 
3.5.2 Measures of workload. 
These were categorised as subjective measures, objective measures of task performance and 
physiological measures. 
3.5.3 Subjective measures. 
It was noted that subjective measures have high face validity; being easy to implement they 
have not needed complex equipment, and they have been used without causing interference 
to the task being examined. Consequently they have been used extensively and new ones are 
still being developed. They all ask the person performing the task to evaluate aspects of the 
task by assigning ratings in accordance with various rating scales and descriptors. Depending 
on the method used, these ratings are then analyzed, or combined with weightings previously 
derived, or with other ratings to give a scale of results for analysis. Examples of techniques 
reviewed included SWAT (Reid et al., 1981), NASA TLX (Hart et al., 1984) and SWORD 
(ViduIich 1989 and 1991). Measures of situational awareness have also been developed to 
help evaluate systems design, specifically air crew systems (Taylor 1989). Drawbacks of 
subjective measures included the fact that people confuse physical and mental effort; ratings 
for difficulty and effort are not the same, O'Donnell and Eggemeier (1986), and sUbjective 
ratings do not always reflect primary task performance, Wickens and Yeh (1983). 
3.5.4 Objective measures. 
These were defined as observable measures of performance. The measures reviewed were 
either of performance on the task in question, and/or of other tasks being completed 
simultaneously with the primary task. Measures had to be selected to be sensitive to 
variations in the particular type of task loading being examined. If another (secondary or 
subsidiary) task was carried out simultaneously with the primary task, then the influences of 
that task on primary task performance had to be considered (its intrusiveness), as well as the 
sensitivity of performance on the secondary task in response to changes in primary task work 
load levels. Sufficient objective measures had to be made to show when the performance 
strategies changed. 
3.5.5 Physiological measures. 
Physiological techniques to measure responses to physical and mental workload were 
reviewed. These included measures of physical fatigue, heart rate, muscle tension, eye 
movements and brain function. Many studies using the above measures failed to fmd 
consistent physiological change with known changes in workload, but some measures gave 
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indices of psychological processes. Drawbacks of these measures included their intrusiveness, 
instrumentation required and the subsequent complex analysis often required. 
3.5.6 Choice of measures. 
It was concluded that measures should be chosen with respect to their sensitivity, 
diagnosticity, intrusiveness, requirements for implementation and the degree to which the 
operator finds them acceptable. 
It was recommended that pilot studies would have to be carried out to discover which 
measures would be suitable for the specific military application of this thesis. 
It was recommended that the battery of measures should include objective performance 
measures, subjective assessments of workload and physiological measures of fatigue. It was 
also recommended that a time log of activities should be compiled in order to indicate task 
durations and to provide a 'between troop' comparison of relative task demands. 
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CHAPTER 4 
OUTLINE OF SUBSEOUENT WORK FOR TIllS THESIS. 
4.1 INTRODUCTION 
This chapter outlines the activities that led to the production of the task analysis and the 
package of measures for the military field exercises. See the relevant chapters for details of 
the methods for each measure used. 
4.2 Familiarization. 
The study began with a familiarization period during which the author" examined 
documentation concerning crew tasks, observed crew performing their duties, interviewed 
crew and trained on the IFCS commander/gunner course at the Royal Armoured Corps, 
Lulworth. Data on crew duties and activities were collected through observation of crew 
performing various drills; interviews with crew members; discussions with personnel from 
the Armour Trials Development Unit (ATOU) Bovington, and what used to be called the 
Royal Armament Research and Development Establishment (RARDE) Chertsey (now named 
the Defence Research Agency Military Division, Chertsey); videotaping crew 'in tank' 
activities with a static vehicle; and examination of the analysis of sound tapes of crew 
communications during simulated battle runs. A search was carried out to compile and 
examine all available documentation relevant to crew tasking, analogous studies, literature on 
task analysis methods, and measurement of workload and fatigue. Task analysis and 
workload literature was reviewed, and appears in chapters 3 and 4 respectively. Following 
this, an initial framework for the study of workload was evolved for the purposes of the work 
for this thesis. 
4.3 Pilot studies. 
The available methods for measuring crew activity and workload were investigated and those 
that could be used in the unusual circumstances of a military exercise were selected for closer 
inspection and pilot study as necessary. 
4.3.1 Interviews. 
Two interview studies were carried out on crew from the 4th Royal Tank Regiment (4RTR) 
and the Armour Trials Development Unit ATOU. Selected tasks were documented in flow 
chart form and then the sub-tasks were tabulated and weighted subjectively for cognitive 
psychomotor demands. This was an attempt to discover areas of workload peaks and provide 
a preliminary task analysis. A comparison was made of two ways of weighting sub tasks to 
indicate workload demands of the task. Information from these studies was used to shape the 
main task analysis which was carried out following the British Army on the Rhine (BAOR) 
military exercises. The two interview studies are described in chapters 5 and 6. As a result 
of these interviews, the framework for the study of workload was simplified. 
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4.3.2 Pilot study of a secondary task. 
A primary task of IFCS gunnery was paired with a radio watch secondary task. An 
experiment was carried out to address the potential use of this particular secondary task within 
the military exercise. The aim of this experiment was to see whether the response times, 
vigilance and short term memory components of gunners' replies to radio calls altered with 
the attentionalloading of the primary gunnery task. Also to see whether auditory secondary 
tasks interfere with gunnery performance; thus having implications for the distribution of 
crew duties in future tanks. Following this pilot study the secondary task was rejected for 
use during the BAOR trials because it was not found to be sensitive enough to warrant the 
intrusiveness. The pilot study is presented in chapter 7. 
4.3.3 Sleep loss trial 1. 
A battery of 8 cognitive tests was obtained, May and Cooper (1985); this was originally 
provided for desk top computers and had been used and established internationally. It 
consisted of a vigilance task, 4 choice reaction task, mental arithmetic, 2 versions of a pattern 
recognition task, digit recall, 6 letter search and 2 letter search. During a sleep loss trial, 
performance on these was compared with versions of the same tests on hand held micro 
computers. This was to check whether performance on the tests had been altered by the 
change of presentation medium; also to pick out those tests most sensitive to sleep loss and 
most appropriate for use during the military exercise. Sleep loss trial 1 is presented in 
chapter 8. 
4.3.4 Other measures addressed. 
The following measures were also examined for potential use during the military exercise: 
an encoding task (BA TCO) as a primary performance measure; a visual secondary task which 
consisted of simply cancelling a warning light; the use of pedometers or other activity meters; 
continuous monitoring of heart rate; measures of visual fatigue as shown by changes in lateral 
phoria and near point of convergence; monitoring changes in gunnery and tracking ability by 
setting tasks for crew using the on tank gunnery trainer as' well as finding a way of scoring 
performance with simulated gunnery 'simfire'; short questionnaires to give subjective ratings 
of workload and quality of sleep, indications of stress and arousal levels and rating of own 
performance compared with own best performance; handgrip strength; a self reported log of 
activities; also extensive questionnaires to be given before and after the exercise. 
4.3.5 Pilot study: Military Exercise 1 (Endura 1). 
The proposed package of measures was refined, reduced as found necessary and eventually 
produced for use in Endura 1 which is described in chapter 9. This was the first field 
exercise in BAOR: it played two 4 man crew troops in parallel against a common enemy. 
A team of APRE personnel was trained to use the measures within tactical scenarios and the 
measures were implemented. 
At this stage the package of measures consisted of the following. Half hour sessions which 
took place every 8 hours and which included computer tests of digit recall, 4 choice reaction 
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and vigilance; short questionnaires on the amount and quality of sleep and workload; 
estimates of own performance and measures of visual and manual fatigue. There were also 
continuous measures of self reported 'in tank' activities, a secondary task, an encoding task, 
as well as various environmental measures. 
As a result of the findings from this trial, the package of measures was subsequently altered, 
extended, and an additional metric was devised to score the military performance of the 
crews. The self report log of activities was modified for use with 3 and 4 man crews 
4.3.6 Sleep loss trial 2. 
During a second sleep loss trial, two further adjective checklists indicating mood states were 
compared with the stress/arousal list used during Endura 1. Alternative methods of 
administering the handgrip test were compared, as were alternative instructions for measuring 
lateral phoria. In addition to the 8 tests that had previously been examined, two extra micro 
computer tests (code substitution and digit span) were examined for sensitivity to sleep loss, 
The choice of tests for use on Endura 2 was decided as a result of this experiment. Sleeploss 
trial 2 is presented in chapter 10. 
4.4 Main Study, Military Exercise 2 (Endura 2). 
The final package of measures was evolved and used during the second BAOR trial. The 3 
computer tests used were code substitution, two column addition and 4 choice reaction. 
Additional measures of military efficiency and sub-lingual temperature were introduced and 
other measures were modified. 
Pre and posts exercise debrief questionnaires had been reviewed and extended. The pre 
exercise questionnaire covered feedback about previous experience and the crew duties that 
each would normally expect to perform. 
Sundry topics were 'swept up' with the post exercise questionnaire which covered the 
following: feedback about the crew duties that each actually performed during the exercise; 
whether the crew were trained to do the jobs they did; crew suggestions for improvements 
to . equipment, the vehicle, tools, maintenance practice, logistic support and operating 
procedures; aspects of work that affected teamwork; each soldier's conception of the level of 
his own and others workload; crew co-Qperation in sharing the workload; tasks that were 
particularly tiring; how tired crew felt at the end of the exercise and for how long they could 
have continued; any problems with the APRE tests or activity logs; the advantages, 
drawbacks and acceptability of three man crews. The main military exercise Endura 2 is 
presented in chapter 11. 
Data was collated and gniphed as the exercise progressed and presented to the military within 
12 hours of the exercise end. The military decided that sufficient data had been collected and 
therefore did not go ahead with plans for exercise Endura 3. 
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4.5 Task Analysis. 
A detailed task analysis was then compiled, drawing on data of crew activities from Enduras 
1 and 2. This was issued as a separate report and is presented in volume 2. 
4.6 Measurement or workload. 
As a result of the above studies, a new framework for the study of workload was proposed. 
This is described in the discussion. 
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CHAPTER 5 
PILOT STUDy TO EXAMINE A PRopoSED METHODOLOGY FOR THE TASK 
ANALYSIS: INITIAL INTERVIEWS. 
5.1 INTRODUCTION 
5.1.1 Aims of this chapter. 
1. To outline the initial proposed methodology for the task 
analysis. 
2. To describe a pilot study of interviews which examined 
the use of a 10 point rating scale for indicating the difficulty 
level of sub tasks. 
5.1.2 Relevant recommendations from the literature review. 
As noted in the review of the literature on task analysis (chapter 2 of this thesis), the task 
analysis should ideally provide a design aid tool that presents information flow between crew 
as well as details of the activities of individual crew, an indication of how long in total is 
spent on each type of activity and the cognitive psychomotor demands of selected critical 
tasks. The review provided a selection of techniques suitable for incorporation into the 
analysis and recommended that a pilot study should be carried out to determine the levels of 
detail required, as well as the way in which task demands should be represented. 
5.1.3 The proposed methodology for the main task analysis. 
It was proposed to use a hierarchical analysis. Sequences of team interactions, activities and 
information flow would be shown in operational sequence diagrams; set action sequences such 
as the various drills carried out (for example gunnery drills) would be represented as function 
flow block diagrams. Tabulations would be provided to describe tasks in terms of sub tasks 
and task demands. However, there were several ways in which task demands could be 
presented and it was not clear which method was most suitable for this analysis. A study was 
required to clarify which method should be used. 
5.1.4 Describing task demands. 
Chapter 2 noted several methods for describing the task demands. Of particular relevance 
to this analysis are studies by Noy et aI (1981) who described task demands in terms of 
difficulty (amongst other things); and by McCracken and Aldrich (1983) who described task 
demands in terms of attentional involvement. At the outset, both of these techniques appeared 
to be worthy of consideration for use in the proposed analysis. 
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5.1.5 The need to examine ratings for difficulty versus weightings for attentional 
involvement 
Both of these techniques rely on subjective assessments of demands. Ratings for difficulty 
incorporate the effects of skill or stressors, such as the need for speed, or the fact that the 
operation takes place in an inclement environment. Ratings for attentional involvement cannot 
do this, but they can be applied to tasks that have not been personally carried out by the 
person providing the weightings. In neither case was it clear whether scores were additive. 
Initially it was assumed that attentional involvement weightings could be used as if they were 
additive. This was a doubtful assumption and later work evolved a situation outcome matrix 
which indicated clashes of task demands. 
Operations of main battle tank crew involve a great deal of stress during the battle phase, and 
activity drills are well practised and carried out by skilled personnel. Difficulty ratings 
provided by crew would be a credible method of showing task demands in this particular 
application allowing for the effects of stress and skill. However it would not be possible to 
complete the entire task analysis with difficulty ratings provided by the user group. The 
author would have to experience the tasks and provide the majority of ratings. If this type 
of rating was to be considered, then there would have to be a comparison between ratings 
given by crew and by the author. Also there would be a need for some further description 
of the task demands. 
Performance is differentially influenced according to whether task demands draw heavily on 
one particular processing resource, or whether demands are made on more than one resource. 
Therefore if difficulty ratings were to be used, the author would further consider whether to 
describe task demands in terms of the following resource demands: 
a) motor - gross movements, or fine dexterity; 
b) perceptual - auditory, kinaesthetic, visual, focus on detail or general surveillance; 
c) cognitive - short term memory, long term memory, calculations or decision making. 
There would be an overall rating for task difficulty as well as ratings in terms of the above 
resource demands. Although this would provide the types of information required of the 
analysis, it would rely heavily on the subjective ratings of the author and could lose 
credibility as a result. 
5.1.6 The need for crew interview studies. 
The methodology proposed for the task analysis was devised to indicate areas of high and low 
workload. As this task analysis method was mainly influenced by the literature and 
documentation of crew activities, it was necessary to interview crew for some feedback about 
the validity of the approach taken so far. A rough comparison could then be made between 
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profiles of scores for attentional involvement and difficulty as rated by crew and the author 
for a given series of sub-tasks. 
5.1.7 The need for both structured and unstructured interviews. 
The task analysis was to be designed with the capability of examining workload within short 
bursts of activity lasting a few seconds. Therefore crew interviews on this topic would have 
to be highly structured and tasks discussed in great detail. Such short periods of activity 
cannot be viewed in isolation because the workload experienced would be influenced by many 
extraneous factors; for example the effects of previous activities, physical fatigue and 
environmental conditions. An unstructured, more general approach to the interview was 
required to examine these topics. 
5.1.8 The proposed scope of the interviews. 
The purpose of structured interviews was to find out the following: whether a 10 point scale 
for difficulty rating was workable or suitable for this analysis; if so, whether crew and the 
author would give a similar pattern of ratings for any given series of sub-tasks; which factors 
influence crew perception of workload and the way in which they rate specific sub-tasks for 
difficulty; whether the proposed task analysis would, in fact, show a realistic workload profile 
and indicate potential overload; whether it would be practical for the author to describe tasks 
in terms of motor, perceptual and cognitive resource demands as rated subjectively from the 
point of view of motor, perceptual and cognitive difficulty levels. 
Two IFCS 'enemy engagement' drills and a loading drill were to be used for this. The 
engagement drills were chosen to represent the worst case IFCS engagement sequences; these 
were APDS moving own vehicle, and APDS ranging technique, stationary own vehicle. The 
loading drill was included because it is comparatively easy, and is common to both 
engagement drills. 
Unstructured interviews were to examine crew workload influences from a broader 
perspective and covered the following topics: Identification of any situations where crew 
have or are likely to suffer from work overload. Discussion of crew involvement in any 
accidents or 'near misses' and events preceding them. Aspects of tasks which are difficult 
to learn, or require constant practice. Any interruptions during an engagement sequence 
which are distracting. How crew perceive their own and others workload. Factors 
(concerned with tasks) likely to lead to misunderstandings between crew, especially between 
the commander and the rest of the crew. Any human factor problems with operation of 
equipment which affect perceived workload levels. 
5.2 AIMS 
(i) To carry out a comparison of scores for attentional involvement and difficulty ratings 
given by crew and author. 
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• (ii) To assess which method of describing task demands would be suitable for the main 
task analysis. 
(iii) To gather information about crew tasks and factors affecting workload as perceived 
by the crew; also to pinpoint areas of high workload or special difficulty for 
consideration within the task analysis. 
(iv) To continue the familiarisation of the author with crew activities. 
5.3 METIlOD 
5.3.1 Subjects: 10 MBT crew from the Royal Armoured Corps (RAC) course for main 
battle tank commanders at Lulworth, Dorset. 
5.3.2 Design: Each crewman was interviewed individually once. The interview was in two 
parts, the structured interview followed by the more generalised questions. 
5.3.3 The Questionnaire: For the structured interviews, the questionnaire included a series 
of activity 'drills'. Two were engagement drills, one being reversionary mode, plus a loading 
drill. The sequences of sub-tasks involved in these drills were listed in a column down the 
left side of a page. Numbers one to ten appeared in a row to the right of each sub~task. 
During the unstructured part of the interview, the author used only guidelines for questions. 
5.3.4 Procedure: All interviews took place in an office. The crew member being 
interviewed was briefed as to the purpose of the interview (as outlined in the introduction) 
and told that his replies would be in confidence. Then he was presented with each of the 
activity drills. He was asked to rate each sub task for difficulty by circling the appropriate 
number. Difficulty was scored out of ten with a score of one representing 'very easy' and 
ten, 'very difficult'. He was then invited to discuss aspects that made any sub-tasks difficult 
or easy. Later, from the generalised discussion, these aspects were examined in terms of 
their motor, cognitive and perceptual resource demands. In the unstructured part of the 
interview, each of the topics was discussed. Throughout the interview, the crew member was 
asked to draw only from his personal experience. 
5.4 RESULTS, STRUCTURED INTERVIEWS. 
Figures 5.1 (a to e) show APDS moving own vehicle. They show ratings of task difficulty 
(out of 10) by crew and author, also attentional involvement weightings (expressed as a scale 
of 10) as for the McCracken and Aldrich (1983) and (1984) technique, compared with motor, 
perceptual and cognitive difficulty weightings scored subjectively by the author. 
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Figures 5.2 (a to e) show the APDS ranging technique, stationary own vehicle. They 
compare difficulty ratings by crew and author, and attentional involvement weightings 
expressed as a scale of 10. 
Figures 5.3 (a to d) show the loading drill and compare ratings for difficulty as given by the 
crew with attentional involvement weightings, McCracken and Aldrich (1983) and (1984). 
Figure 5.4 is an example of the proposed flow chart layout, it shows the engagement 
sequence. 
Table 5.1 gives correlations between all ratings. 
Table 5.2 is an example of the proposed tabulation format. 
Table 5.1. Spearman Rank Correlations. 
Coefficient 
(Significance level) 
CrewDR Author's 
DR 
CrewDR 1.00 0.87 
(0.00) 
Author's 0.87 1.00 
DR (0.00) 
AI visual -0.51 -0.51 
(0.05) (0.05) 
AI motor 0.22 0.51 
(0.41) (0.06) 
AI cogn 0.12 0.11 
(0.65) (0.69) 
AI mean -0.09 -0.03 
(0.73) (0.93) 
AI - Attentional Involvement weighting 
D R - Difficulty Rating 
cogn - cognitive. 
AI visual 
-0.50 
(0.06) 
-0.51 
(0.06) 
1.00 
-0.41 
(0.12) 
0.32 
(0.23) 
0.46 
(0.08) 
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AI motor 
0.22 
(0.41) 
0.50 
(0.6) 
-0.41 
(0.12) 
1.00 
-0.01 
(0.97) 
-0.17 
(0.52) 
AI cogn .AI mean 
0.12 -0.09 
(0.65) (0.73) 
0.11 -0.02 
(0.69) (0.93) 
0.32 0.46 
(0.23) (0.08) 
-0.01 -0.17 
(0.97) (0.52) 
1.00 0.34 
(0.21) 
0.34 1.00 
(0.21) 
Table 5.2: APDS Moving Own Vehicle Technique. 
GUNNER 
Author's ratings of difficulty for motor, cognitive, perceptual and speed stress. (Ratings out of 10, 
l=very easy, 10=very difficult), * denotes the need for speed. 
ACTION Motor Cogn- Perc- Speed Control Display 
itive eptual stress 
1. Select Main 1 3 - - Toggle Eye piece 
switch 
2. Select APDS 1 4 - - Button Eye piece 
3. Identify target 3 focus * Gun sight 
4. Report 'ON' 1 
- - * - -
5. Lay MBS and 9 fine - 5 focus * Thumb Gun sight 
track mvt. control 
6. Report 'Iasing' ,1 
7. Lase 1 - - - Rocker Gun sight 
switch 
8. Track 9 fine - 5 focus - Thumb Gun sight 
mvt control 
9. Autulay 2 
- - * Rocker Gun sight 
switch 
10. Lay ellipse 9 fine 
-
6 focus 
-
Thumb Graticle 
. 
mvt control 
11. Report 'Firing 1 - - - - -
now' 
12. Observe 1 
-
5 focus * Fire Gun sight 
target, fire button 
13. Observe . 
- -
5 focus 
-
Thumb Gun sight 
target control 
14. Hear order - - I audit- - Intercom -
'Target stop' ory 
. 
. 
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Explanation of serial numbers for Figures 5.1,5.2 and 5.3. 
APDS ranging moving target, own vehicle static 
SERIAL 
1 
2 
3 
4 
5 
6 
7 
TASK 
Order 'Ranging sabot tank on - aim left/right/on' . 
Select main, identify target, report ' On, aim 
left/right/on' • 
Select and load APDS. Report 'Lo aded'. 
Lay MBS mark on target. Report' Lasing' lase, 
use aim off mark. 
Read CRRO. Order as per CRRO r eading. 
Report as per CRRO. Lay aim off mark on target, 
ort, 'Target' . report 'Firing now', fire. If hit, rep 
Order 'Target stop'. 
Explanation of serial numbers. 
APDS moving own vehicle technique. 
SERIAL TASK . 
1 Order 'Sabot tank on'. 
2 Select main, select APDS. Identify target, 
report 'on' . 
3 . Select and load APDS. ded'. Report 'Loa 
4 Oder 'Fire'. 
5 Lay MBS mark on target. Track an d lase. 
I 6 Contmue to track 2 secs, autolay. 
7 
8 
Use controlled lay if required, report 'Firing 
now', fire. If hit, report 'Target'. 
Order 'Target stop'. 
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I 
I 
I 
, 
Explanation of serial letters. 
Initial loading. 
SERIAL TASK 
a Open breech. 
b Inspect vent tube magazine. 
, 
c Insert ve~t tube magazine. 
d Pull rammer handle to rear, strike 
plunger, check rammer is released. 
e Place projectile on loading platform and 
insert it into chamber. 
f Open charge bin, remove correct charge, 
close bin. \ 
g Insert charge. 
h Close breech. 
j Select next projectile. 
k Pull loader's firing guard to rear. 
I Check turret safety switch is at LIVE. 
m Report 'Loaded'. 
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Figure 5.la shows all the weightings/ratings. 
APDS moving own vehicle' 
Attentional involvement(AI)/ difficulty 
.M.~t.~n~tto=n=.t~t~n~~tw=m~.~nt~W=.~lg~h=t ____________________ ~ 
t2~ 
to 
8 
6 
4 
2 
o 
2 3 .... 15 6 
Activity serial number 
7 8 
CJ Visual ~ Psyohomotor IillillI Cognitive 0 Difficulty 
AI upr .... d proport1onally .. loa1. 10 
Figure S.la 
For clarity, the following Figure 5.1 series shows sub-sets 
of the above data. 
APDS moving own vehicle 
~O~II~fI~CU~It~y~r.~t~ln~g ______ ~ ____________________ ~ 
tOT 
8 
8 
Activity •• rlal number 
o Maan Qrew rating _ Author's raUng 
Figure S.lb 
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APDS moving own vehicle 
Cognitive task demands 
AI/Author's weighting 
2 3 4 5 8 
Activity serial number 
Eillill AI _ Author'. weighting 
, ••• pr •••• d proportionally .. lOll. 10 
Figure S.le 
7 8 
APDS moving own vehicle 
Visual task demands 
All Author'. 
4 
3 4 5 8 
Activity serial number 
[IJ] Id _ Author'. weighting 
Al expr .... d proportionally I' ICIII 10 
Figure S.ld 
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7 8 
APDS moving own vehicle 
Psychomotor task demands 
AA'I~/A~U~lh~o~r·~.~~~ __________________________ -, 
10r 
2 3 4 6 8 
Activity serial number 
~ Psychomotor _ Auttto"r'. weighting 
AI expr .... d proportionally •• IClle 10 
Figure 5.1e 
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r--------------------------------c--------- -----------
Figure 5.2a shows all the weightings/ratings. 
APDS ranging, moving target 
Own vehicle static. 
12~~~~------------' 
8 
6 
•• 
2 
o 
···········n···· ..•..•...........•.. 
Activity •• rlal number 
CJ M .. n crew r.tlng _ Author'. r.tlng 
m Paychomotor mm! Cognitive 
Fiqure S.2a 
For clarity the following Figure 5.2 series shows sub-sets 
of the above data. 
APDS ranging, moving target 
Own vehicle static. 
Difficulty rating 6~~~~--------------------------~ 
............................................•..... 
. ........ . 
6 7 
Aetlvlty eerlal number 
o Mean crew rating _ Author'. ratlno 
Figure S.2b 
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APDS ranging, moving target 
Cognitive Allcrew difficulty 
.A .. I~/D~II~IIO=u~lly~_~lg~hl='n~g.~ ____________________ -, 
10,-
Activity •• rlal number 
o Mean orew rating mmII Cognitive AI 
Fiqure 5.20 
APDS ranging, moving target 
Visual All crew difficulty 
::A~IID="~II=OU~lty~_~lg~ht='n~g.~ ____________________ __ 
12r 
10 . 
• • 
• 
2 .. 
t-
2 
I ... 
. .. --.;;0 ............ --
................... r;: .... 
·· .... r· •• ••••· 
3 • • Activity •• rlal number 
D M •• n crew rating GB Visual AI 
Fiqure 5.2d 
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........... 
7 
APDS ranging, moving target 
Psychomotor AI/ crew difficulty 
8rAI~/D~II~IIO~U~IIY~W.~lg~h~lIn~g~. ________________________ -. 
6 
2 ... .............•........ 
o 
Ac:tlvlty •• rlal number 
o Mean crew rating ~ Psychomotor AI 
Figure S.2e 
Figure S.Ja shows all the weightings/ratings. 
Load gun (initially) 
Crew difficulty ratings/AI weights 
~R.="~ng~o=r~w~.I~gh~t ________ ~ __________________ ~ 
10, 
8 ..... 
8 
...................................... i 
~ rfmn! 1"'''' , ! , 
-' 
• b 0 d • f g h J k m 
Sub task serial letter 
o Crew retlng. c::::I AI VlsuI' §§§ AI Payohomotor ~ A' Cognltlvtl 
Figure S.3a 
For clarity, the following Figure 5.2 series shows sub sets 
of the above data. 
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Load gun (initially) 
Crew difficulty ratings/AI Cognitive 
weight 
6rA.=tl~n.~o=r~~=I.~h~t __________________________ __ 
• 
I 
abod.'ghJk m 
Sub task serial letter 
o Crew ratings IilllTIJ AI Cognitive 
Figure 5.3b 
Load gun (initially) 
Crew difficulty ratings/AI visual weiight 
.~A~.t~ln.~o~r~W~.I~.h~t __________________________ -, 
10, 
8 
6 ................ . 
a b 0 d • • g h J k m 
Sub task serial letter 
o Crew ratings IETI AI Visual 
Figure S.3e 
Load gun (initially) 
Crew difficulty ratings/AI Psychomotor 
weight. 
Rating or weIght 'r-~~~----------------------____ ~ 
6 
• 
,a b 0 d • t g h J k m 
Sub task serial letter 
o Crew fallngs ~ AI Paychomotor 
Figure S.3d 
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Figure 5.4 
CoNlnue arlpplna 1111mb eonuol 
rwllCh 
Target Engagement and Shooting 
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~. Commllndcr'. ordCl"l 
D-DispIaY 
5.5 RESULTS, UNSTRUCTURED INTERVIEWS 
5.5.1 Factors affecting task difficulty. 
The following paragraphs outline the types of activities and circumstances that crew reported 
as influencing their perception of the difficulty and workload levels of their tasks in general. 
Models of workload would have to take account of these types of influences. 
5.5.2 Effect of previous activities: 
The major influence on crew perception of workload was the effect of previous activities. 
Any activity which caused fatigue and which was then followed by a non arousing task such 
as slow driving on a long route march, was reported as increasing perceived workload. 
5.5.3 Effect of crew changes: 
The importance of a good working relationship between the crew was commented on by all 
crew interviewed. When crew members were used to working together in a well co-ordinated 
routine, workload was seen as being comparatively low. If, however there was a personality 
clash within a crew (and this was especially true if the commander clashed with anyone), or 
if one or more new crew members joined the crew, then everyone's perceived workload 
increased. Crew perception of workload was sensitive to the commander's personality. If 
the commander became intolerant of the crews' problems, (possibly as a result of fatigue or 
other stress), then workload was felt to increase. 
5.5.4 Crew comments on the gunner's task: 
All gunners questioned said they often did not use the information presented in their left eye 
piece as it put them off their aim, thereby increasing task difficulty. Commanders said that 
gunners complained of eye fatigue. Gunners themselves complained of boredom on long 
route marches, though this is mainly due to the unavoidable structure of peace time training. 
Both gunners and commanders pointed out that because the commander's viewing devices are 
in a higher position than those of the gunner, problems arise when some targets are visible 
to the commander but not the gunner. In some reversionary mode engagement sequences, 
the gunner must time target movement by counting; however, gunners said that in moments 
of excitement, their counting speed was affected. 
Four gunners complained about the spacing of the graticule pattern. It was difficult to see 
which point to line up with the target. Gunners could not comfortably use the sights whilst 
wearing their headsets. 
Gunners complained of constantly bumping their brows on the sights and suggested the 
introduction of a protective strip of brow padding. New gunners found it difficult to keep 
tracking when they squeezed the 'fire' trigger. All gunners said the use of the thumb 
controller for tracking required constant practice (which was rarely possible). Also, some 
said that both thumbs tried to make the movement to 'Iase'. Therefore, lasing with only one 
thumb needed practice. 
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5.5.5 Crew comments on the loader's task: 
Six of the nine crew questioned said they removed their headsets when loading, in order to 
avoid becoming entangled in the trailing wires. 
All crew said that gun movement made loading difficult on the move over rough terrain, 
accidents were cited where the breech block smashed down on a loader's arm or leg. 
All the loaders complained about charge bin lids. They found these difficult to open, a 
screwdriver or lever was sometimes required. If the turret was rotated, some charge bins 
moved into inaccessible positions. During such movement, the lids should have been closed 
to avoid danger of damage. If a loader was trying to remove a bag charge in these 
circumstances there was a danger of damage to his hand and the charge. A speed stress was 
imposed on the loader to remove the charge and close the lid safely before the charge bin 
became inaccessible. 
Some loaders admitted that when they were rushed, they failed to close charge bin lids (which 
left charges vulnerable to ignition should a flash back occur). 
All loaders said their hands became bruised and cut as a result of striking the plunger on the 
vent tube loader. The condition was referred to as 'loader's rash'. They also said that they 
could not load if the gun was unsuitably positioned, fully elevated for example. 
5.5.6 Crew comments on the driver's task: 
Drivers complained of the fatiguing effect of hours of maintenance especially at night. They 
found long slow route marches particularly tiring. Driving was made hazardous by the 
restricted visual field, especially when closed down at night and using the night sight. 
5.5.7 Summary of factors noted by battle tank crew as influencing their task difficulty 
and workload. 
The following summarises workload influences as noted from crew comments. The 
physiological and psychological state of the person, for example as influenced by the effects 
of previous activities, or injuries incurred during loading the gun; personality related aspects 
as well as degree of interpersonal familiarization and team cohesiveness; physical difficulties 
with equipments; time limitations; provision of inappropriate amount or type of information 
to carry out tasks; quality of information available to carry out tasks; tasks that require 
physical movements that do not 'come naturally'. 
5.6 DISCUSSION 
5.6.1 Crew and author's ratings of workload. 
Both crew and author gave similar profiles of difficulty for any given series of sub tasks 
(Spearman Rank Correlation Coefficient 0.867). All crew interviewed were experienced and 
well practised at the drills compared with the author. It would be interesting to compare the 
scores of novice crew with those of experienced crew. 
67 
~--------------------------------------------------------------------------- -
5.6.2 Adequacy of the 10 point scale. 
Although a 10 point scale of difficulty had been used, crew ratings had clustered around the 
lower part of the scale with a score of 7 being the highest used. This was despite the fact that 
one of the engagement sequences being rated was rarely carried out because it was so difficult 
to execute successfully. It is possible that the crew interviewed did not consider this task 
warranted a high difficulty rating, or that they were not using the whole range of the rating 
scale. Perhaps for future use, a scale with fewer points may be sufficiently sensitive for 
- indicating task difficulty. 
5.6.3 Author's ratings for difficulty in terms of resource demands. 
This type of rating was carried out only on the APDS moving own vehicle drill. It was to 
be carried out on all three drills but proved to be so difficult to score that it was applied to 
this drill only. It became apparent during the scoring of the loading drill that this type of 
rating was difficult to use because resource demands and task difficulty influence each other. 
Scoring resource demands in terms of difficulty for any given demand involved separation 
of non orthogonal entities (the resource demand in terms of difficulty for that given resource, 
and overall difficulty of the task in terms of all influencing factors). 
For example, during the loading drill, individual sub tasks appeared relatively easy in 
isolation and in terms of motor demands. The overall loading drill was found to be difficult 
to carry out because of the confined space, need for speed and accuracy, and danger of injury 
to limbs. This gave rise to problems when trying to subjectively assess which aspects of the 
feeling of task difficulty were arising from which cause. Sometimes a sub task would feel 
difficult to perform because of an anticipated future sub task. 
The main task analysis would be used as a design aid tool and as such would possibly be 
subject to having some sub tasks viewed in isolation. (For example so that new drills could 
be configured using new technology). In this case, any rating for difficulty attached to a 
given sub task would be best if it could stand alone and not reflect the effects of a future or 
past sub task, or other influencing factors. The use of difficulty ratings for cognitive 
psychomotor resources appeared unsuitable for this application. 
5.6.4 Weightings for attentional involvement versus difficulty ratings. 
As can be seen from the loading drill, weightings for attentional involvement were not 
sensitive to the fluctuations in workload as denoted by crew difficulty ratings. This was 
because they were based on a written description of the task. As such, they could not be 
sensitive to extraneous influences on task difficulty and workload. The following outlines a 
few of the influencing factors noted by crew: a stressful requirement for accuracy; time 
stress; a hostile environment incorporating poor visibility and erratic movement of the tank 
as well as physical jolting of the operator. 
To illustrate this point, if the tank was stationary and the target moving, the operator and his 
gun sights would not be jolted around. The target was reported as easier to keep in sight and 
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the tracking task as being easier. This was not reflected by the attentional involvement 
weightings which were the same for both static and moving own vehicle. Similarly, crew 
reported that some activities may be over-learned, almost an automatic reaction for an 
experienced skilled gunner. The crew difficulty ratings did reflect this, but the attentional 
involvement weightings did not. 
Having noted several shortcomings of attentional involvement weightings, it must be pointed 
out that difficulty ratings do not have the ability to diagnose the source of any existing or 
potential workload problem, whereas attentional involvement weightings are designed to 
indicate resource clashes or overload. Also, difficulty ratings cannot be applied to tasks 
which are not currently in existence, whereas attentional involvement weightings can. 
5.6.5 Correlations between difficulty ratings and attentional involvement weightings. 
There was no correlation between difficulty ratings and any of the attentional involvement 
weightings, or of the sum or mean of the weightings for any of the drills examined. 
Therefore they can not be measuring the same aspects of workload. 
5.6.6 Flow chart and tabulation layout. 
Figure 5.4 shows the flow chart for the engagement sequence. Having produced this chart 
to show all the activities within the engagement drill, the author is of the opinion that flow 
charts in the main task analysis would have to be less complex and would have to reference 
tabulations for tasks and sub tasks. The tabulation (Table 5.1) was designed to lay alongside 
the activities of other crew involved, thereby showing activities in time sequence, or showing 
them being carried out simultaneously as required. However this would result in a very wide 
table with too much information for easy use. A simplified version would be more suitable 
for the main task analysis. Also the sub tasks would have to be further sub-divided. 
5.7 CONCLUSIONS 
5.7.1 Crew and author difficulty ratings. 
Difficulty ratings by crew and author gave similar profiles of task demands. 
5.7.2 Use or the 10 point scale. 
Crew only used the lower end of the 10 point rating scale despite the fact that one of the 
drills examined was deemed so difficult to carry out that it was rarely used in practice. 
5.7.3 Difficulty ratings ror cognitive psychomotor resources. 
The author's attempt to assigu difficulty ratings in terms of cognitive psychomotor resources 
was a failure because it was extremely difficult to subjectively diaguose the sources of task 
difficulty wholly in terms' of resource demands. 
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5.7.4 Attentional involvement and difficulty ratings. 
Attentional involvement weightings did not reflect workload influences as reported by crew. 
Difficulty ratings were sensitive to these factors, but were not diagnostic concerning the 
source of workload, or potential workload problems. 
Attentional involvement weightings did not correlate with difficulty ratings, either in isolation, 
or when added or averaged. 
5.7.5 Flow charts and tabulations. 
The proposed flow charts and tabulation layouts were more complex than anticipated. 
5.8 RECOMMENDATIONS 
i) A re-examination of the difficulty rating scale is required. A seven point scale may be 
sufficiently sensitive to show reliable differences in rating with fewer subjects then the ten 
point scale. 
ii) Further interviews with tank crew should be carried out to validate the findings of the 
pilot study. At least thirty more respondents are necessary. Correlations between crew 
ratings can then be examined, and ratings of novice crew and the author can be compared. 
iii) As difficulty ratings are not diagnostic, they would have to be supplemented if used in 
the main task analysis. 
iv) If attentional involvement weightings are used in the main task analysis, they should not 
be taken as defmitive indications of workload and not summed or averaged. They should 
merely indicate possible workload problem areas for further consideration where necessary. 
v) Cognitive psychomotor demands should not be expressed in terms of difficulty ratings in 
the main task analysis. 
vi) The proposed flow chart and task tabulation layouts should be simplified. 
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CHAPTER 6 
PIWT STUDy TO DEVEWP THE TASK ANALYSIS METHODQWGY: 
6.1 INTRODUCTION 
6.1.1 Aims of this chapter. 
SUBSEOUENT INTERVIEWS. 
To present the results of a second interview study carried out to validate the fmdings of the 
initial interviews reported in chapter 5. To examine a 7 point difficulty rating scale and 
compare the responses of novice and experienced crew. 
6.1.2 Background 
The interviews reported in this chapter were carried out following the recommendations 
arising from the initial interviews reported in chapter 5. The initial interviews were a pilot 
study to help select suitable methods for representing task demands within the main task 
analysis. They had gathered general information concerning crew workload and compared 
four representations of task difficulty for potential use in the main task analysis; (crew 
ratings for overall difficulty, author's ratings for overall difficulty, author's ratings for 
difficulty in terms of cognitive psychomotor demands, and attentional involvement (AI) 
weightings). They had indicated that crew and author's ratings for task difficulty showed 
similar patterns of values for a given series of sub-tasks, and as the author was considered 
to be the equivalent of a novice crew member, it was recommended that a second study 
should be carried out on as large a sample size as possible to compare ratings given by the 
author, novice and experienced crew. 
It was also recommended that a 7 point scale should be trialled in the second study because 
crew had not used the whole range of the 10 point scale during the initial interviews. 
Two drills in common use were to be chosen for this validation study, and further information 
sought concerning crew workload. 
6.2 AIMS 
(i) To compare ratings of task difficulty given by the author and crew. Also to compare 
ratings of novice and experienced crew. To show and to compare weightings for 
attentional involvement as outlined by McCracken and Aldrich (1984). 
(ii) To gather subjective information concerning commander and gunner workload. 
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6.3 METHOD 
6.3.1 Subjects: these were 30 Chieftain Gunners and Commanders aged 18 to 42 years; 
from a Royal Armoured Corps Regiment. 22 had more than one year's experience and had 
been on at least 5 major field training exercises. 
8 were relatively inexperienced with less than one year in the Tank Regiment and 3 or fewer 
training exercises. All subjects were familiar with the IFCS engagement sequences referred 
to in the questionnaire, so all took part in the structured part of the questionnaire. Some 
gunners had little experience of commanding. 
Questions specific to the workload of commanders were only asked of subjects who had the 
relevant experience. The sample size for any given question was never less than 15. 
6.3.2 The Questionnaire 
Two engagement sequences were presented; both in common usage and generally considered 
by crew to be comparatively difficult. These were APDS moving target, own vehicle 
stationary, and HESH above 69 mils tangent elevation. The sequences of sub-tasks involved 
in these drills were listed in a column down the left side of the page. Numbers 1 to 7 
appeared in a row to the right of each sub-task. The next stage of the questionnaire involved 
crew making undiscussed written responses to questions asked by the author. These were 
concerned with crew's knowledge of fire orders and how confident they felt about performing 
a selection of fire drills. The last phase of the interview encouraged discussion between crew 
to draw out their past experiences of work overload and any near accidents caused by 
workload or fatigue. During this part, the author made a written record of crew replies and 
comments. 
6.3.3 Procedure 
Crew were interviewed in pairs, always a commander and a gunner. Interviews took place 
within an MBT with the commander and gunner sitting in the appropriate crew stations. The 
author sat in the loader's seat. She introduced herself to the crew, briefly explained who she 
was, where she was from and the purpose of the interview. Crew were assured that all 
answers and comments given would be treated in confidence. 
The crew were both given a questionnaire and asked to fill in personal details concerning age 
and relevant experience. Then they were asked to turn to the questions itemising the 2 
engagement sequences. As they were seated at the appropriate crew stations, it was suggested 
they put their hands on the controls, look through the sights and try to remember a specific 
time when they had performed the drills in question. 
The author asked them to rate each sub-task for difficulty by circling the appropriate number 
on the 7 point scale. Number 1· represented very easy and 7 very difficult. Ratings were to 
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be based on their remembered personal experiences. They were allowed to ask the author 
any questions referring to the engagement drills, but not to let each other see their ratings or 
discuss their ratings with each other. Seating positions made it impossible for each to see 
what the other was writing. 
The next part of the interview involved the crew writing down their responses to verbal 
questions; then came the discussion part of the interview. During this, the author asked 
questions and crew were encouraged to discuss their replies and experiences with each other 
as well as the author. Questions were included to highlight any drills that may be difficult 
to remember, or cause crew particular worries. 
Information was also sought on the following: gunnery sequences that are difficult to train 
or learn; personal experience by crew of suffering from momentary work overload, coping 
strategies adopted in such situations; experience of accidents or near misses caused by work 
overload. 
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6.4 RESULTS 
6.4.1 Difficulty ratings 
Figures 6.1 Author's ratings and crew mean difficulty ratings. 
Figures 6.2 Crew ratings and 'attentional involvement' scores. 
Figures 6.3 show all the above ratings. 
Explanation of serial numbers used in the Figures. 
APDS moving target technique, own vehicle stationary. 
SERIAL TASK 
1 Order 'Sabot tank on - mover' 
. 
2 Select Main, select APDS. 
3 Identify target, report 'On'. 
4 Order 'Fire'. 
5 Lay MBS mark on target, track. 
6 Report 'Lasing', lase. 
7 Track 2 to 5 seconds. 
8 Autolay. 
9 Check ellipse, fire. 
10 Use controlled lay if required. 
11 Observe target, if hit, report 'Target'. 
12 Order 'Target stop'. 
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Explanation of serial numbers used in the Figures. 
HESII above 69 mils tangent elevation, reverse autolay. 
SERIAL TASK 
1 Order 'HESH launcher - on'. 
2 
. 
Select main, select HESH. 
3 Identify target, report 'On'. 
4 Order 'Fire'. 
5 Lay MBS mark on target. 
6 Report 'Lasing', lase. 
7 Autolay, maintain pressure. 
8 Check correct position of ellipse, report 
'Firing now', fire. 
9 Observe fall of shot. 
10 Release autolay. If required, report 
correction. 
II Observe fall of shot. 
12 Ensure select switch is at 'range'. 
13 Switch man/auto switch to 'man'. 
14 Report 'Add .. .in'. 
15 Lay MBS mark/ellipse on fall of shot, press 
ammo selector. 
16 Lay MBS mark/ellipse on target, press ammo 
selector. 
17 Relay, press and maintain pressure on autolay 
switch. 
18 Watch for correct positioning of ellipse, 
report 'firing now', fire. 
19 Observe fall of shot, report 'Target' or 
correction. 
20 Order 'Target stop'. 
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RESULTS 
Figures 6.1 show crew and author's ratings for 
difficulty. 
APDS moving target, own vehicle static. 
Difficulty ratings 
8rRa~lI~ng~. ________________________________ --, 
3 
2 
o 
2 
III 11 
3 • 5 6 7 8 9 10 11 12 
Sub task serial number 
o Crew mean rating _ Author's rating 
Figure 6.111 
Hesh, reverse auto lay 
Difficulty ratings 
.rOI~"~IC=UIt~y~ra='~lng~ __________________________ --, 
3 ......... ...... . ..........•.............. 
2 
In If OWLDLUUJU~~LULU~~~DLUUJU~~LULUU 
1 2 3 4 6 6 7 8 9 10 11 n 13 U 16 16 17 18 19 20 
Sub task serial number 
D erew ratings _ Author'. ratings 
Figure 6.1b 
Figures 6.2 show crew ratings and attentional involvement 
scores. 
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APDS moving target, own vehicle static. 
Difficulty ratings 
7~R.=t1=ng~.--------------------------------~ 
6 
o Crew mean rating c:J Vlsua' AI 
Figure 6.2a 
APDS moving target, own vehicle static. 
Difficulty ratings 
5rR=M~ln~g.~ ________________________ ~------, 
• 
3 
2 
o 
.......... 
. .•..... ... ... . .. 
E- -, 1---,---",--'-"'I....L 
2 3 4 6 6 7 8 9 ~ 11 12 
Sub task serial number 
o Crew mean rating ~ Psychomotor AI . 
Figure 6.2b 
APDS moving target, own vehicle static. 
Difficulty ratings 
8rR=at=ln~g.~ ________________________________ , 
7 
6 
6 . 
4 
3 
2 T~-H ............ ".,," ii 
O~~··_L~~~~~~~_LlliHLLL_LL~~_UL_~ 
2 3 • 6 8 7 8 9 ro n ~ 
Sub task serial number 
o Crew mean rating m:mJ Cognitive AI 
Figure 6.20 
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Hesh, reverse autolay 
Difficulty ratings 
7~OI~"~IC=UI~ty~r=.~tln~g~ ____________________________ ~ 
6 
5 
• 
3 
2 
1 2 3 " 5 6 T 8 9 m 11 12 13 ~ 15 16 V 18 19 20 
Sub task serial number 
o Crew ratings EJ] Visual AI 
Figure 6.2d 
Hesh, reverse autolay 
Difficulty ratings 
.~OI~"~IC=UI~ty~r=.t~ln~g ______________________________ ~ 
3.S 
3 
2.5 I .. · 
2 
1.8 
0.5 
oWL~~~~~~~~~LL~~Da~~~~~~ 
1 2 3 • 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Sub task serial number 
o Crew rallnga ~ paychomotor AI 
Figure 6.2e 
Hesh, reverse autolay 
Difficulty ratings 
6rO~I"~IC~U~lty~r~.~tln~g~ ____________________________ ~ 
3 , 
2 i-I 
1 . 
owailU~Lll~~~~-llJL~~Lli-llJL~W 
1 2 3 " S e 7 8 9 10 11 12 13 14 15 18 17 18 19 20 
Sub task serial number 
o Crew ratings IillillJ Cognitive AI 
Figure 6.2f 
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Figures 6.3 show all the ratings and weightings. 
APDS moving target, own vehicle static. 
Difficulty ratings 
8R~.~1I~no~.~----------------------------------~ 
7 
8 
6 
4 
. 3 .-- .--.---
2 
1 
OUlULUdlLl 
2 3 , 5 e 7 8 9 ro ft 12 
Sub task serial number 
o Crew m •• n ,atlng _ Author'. raUng CJ Visual AI 
~ Plychomotor AI mm Cognitive AI 
Figure 6.3a 
Hesh, reverse autolay 
Difficulty ratings 
7~D~ltf~IO~u~ltY~r.~tln~o~----------------------------~ 
6 . , .... 
8 -- .... -""-,-" ,--, ....... " ....... - ,,- -.-... -- ... - .... --, .. , .. "'.' ............. ---- .. 
4 
3 
2 
o 
1 2 3 4 6 6 7 8 9 ro If ~ ~ M ~ ~ rr ~ ~ 20 
Sub task serial number 
CJ Crew ratlngl 
~ Plychomotor AI 
_ Author', ratlngl c:J Vlaua' AI 
IillIll Cognitive AI 
Figure 6.3):) 
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Table 6.1 gives the correlations between weightings/ratings, and between novice and 
experienced crew .• 
Tables 6.2 and 6.3 show the levels of difficulty rated by crew for each engagement drill. 
Range 1 represents low difficulty ratings (ie. an easy task), and Range 4 represents higher 
ratings (ie. a difficult task). 
Table 6.1 
Spearman's rank correlation test: 
Coefficient 
(significance) 
Experienced 
crew 
Novice crew 
Total AI 
weights 
Motor AI 
Author's 
ratings 
Exper- Novice 
ienced crew 
crew 
x x 
0.86 x 
(0.0002) 
0.09 0.09 
(0.68) (0.68) 
-0.49 -0.34 
(0.03) (0.14) 
0.71 0.63 
(0.002) (0.006) 
Total Motor AI Visual AI 
AI weights 
x x 0.21 
(0.36) 
x x 0.04 
(0.86) 
x x 0.48 
(0.04) 
0.49 x 0.02 
(0.03) (0.94) 
0.32 -0.24 0.07 
(0.16) (0.3) (0.77) 
Table 6.1 excludes cognitive AI because there were too few values for analysis. 
The Mann-Witney U test indicated no significant difference between ratings of novice and 
experienced crew, (p=0.39). There was also no significant difference between ratings given 
by the author and either novice or experienced crew (Kolmogorov Smimov gave P=0.56 for 
both comparisons). 
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Distributions of ratings for each sub-task. 
The Friedman two way analysis of variance by ranks and Wilcoxon paired signed ranks tests 
were used to compare these distributions. Statistical differences in difficulty ratings were 
indicated. The results are summarised in Tables 6.2 and 6.3. Most distributions were non 
normal; in some cases they were bimodal. 
Table 6.2 Ranges of scores for crew difficulty ratings. HESH above 69 mils tangent 
elevation. 
Serial Range 1- Range 2 Range 3 
4 x 
14 x 
20 x 
18 x 
13 x 
6 x 
2 x 
8 x 
17 x 
12 x 
7 x 
16 x 
19 x 
3 x 
5 x 
15 x 
10 x 
11 x 
9 x 
1 x 
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Table 6.3 Ranges of scores for crew difficulty ratings. APDS moving target, own vehicle 
stationary. 
Serial Range 1 Range 2 
4 x 
2 x 
12 x 
3 x 
8 x 
9 x 
1 
6 
10 
5 
7 
11 
6.4.2 General questions 
6.4.2.1 Engagement drills 
Range 3 Range 4 
x 
x 
x 
x 
x 
x 
x 
Of the commanders and gunners questioned: 60 percent were not confident about using 
Quadrant Fire Control (QFC) techniques; 20 percent had difficulty using Hesh techniques 
with aiming corrections; 10 percent mentioned reversionary mode shooting with 'own vehicle 
moving' technique as being particularly worrying to use. When crew were asked to write 
down fire orders for a selection of engagement drills, 35 percent of responses were incorrect. 
50 percent of these errors were with fire orders for QFC and APDS moving own vehicle 
techniques. 
6.4.2.2 Workload 
90 percent considered the commander's job included momentary periods of work overload; 
87 percent had personally experienced this. Opinion was evenly divided as to whether 
commanders were ever overloaded in the following: making decisions, remembering things 
over a long time period (other than relying on experience), or communicating. Between 70 
and 85 percent of the commanders considered their job involved work overload in: having 
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to look at too many things at once, remember things for a short time and physically 
manipulate too many things at once. This implies occasional overload of visual, motor and 
short term memory resources. 
Of the tasks mentioned as being most difficult to train, learn or requiring most practice; 
gunnery drills were mentioned most frequently (24 times). Other gunnery problems were 
mentioned 9 times; tracking, 7 times; crew control, 6 times, map reading and tactics were 
each mentioned twice. 
80 percent of respondents knew of accidents or 'near misses' caused in their opinion by work 
overload. In fact all incidents cited were related to fatigue of the whole crew and involved 
errors by drivers or loaders. When asked how they would cope with an overload situation, 
all commanders said they would give priority to 'in tank' safety and the 'depending on the 
urgency of the threat. They would also delegate more tasks to other crew. 
6.5 DISCUSSION 
Crew used the whole range of the 7 point rating scale. Statistical differences between ratings 
for sub tasks denoted a maximum of 4 levels of difficulty. This could indicate that a scale 
with less than 7 points would suffice. However, the 7 point scale was seen as being 
satisfactory. 
As can be seen in Figures 6.1, and the supporting statistical test results, crew and the author's 
ratings for difficulty were correlated and were not statistically different. The author's ratings 
correlated with, and were statistically the same as those given both by experienced and novice 
crew. There was no difference between ratings given by novice and experienced crew. 
Therefore if difficulty ratings were to be used within the main task analysis, the author's 
ratings could be considered credible as long as she had experience of all the drills being rated. 
Figures 6.2 compare mean crew ratings with 'attentional involvement' scores. It should be 
noted that crew scores represent the mean of 30 scores and therefore are unlikely to fall at 
the extremes of the range, especially the upper end. Each attentional involvement score does, 
however, fall within the distribution of crew scores for each sub-task. As pointed out in 
chapter 5, attentional involvement weightings do not measure the same task demands as do 
the difficulty ratings and do not necessarily correlate with them. 
6.5.1 Distributions or difficulty ratings for each sub task. 
It was noted that some of these were bi-modal. Crew explained that environmental factors, 
such as dust, would make a task far more difficult than usual and the situation on which the 
crew was basing his ratings accounted for the bi-modal distributions of ratings. Crew had 
been asked to base their ratings on a remembered experience of the drill. This highlights a 
major disadvantage of using difficulty ratings within a task analysis; ie the fact that difficulty 
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ratings are so heavily influenced by aspects that arise as a result of an interaction between the 
task demands and the task environment. 
6.5.2 Attentional involvement weightings. 
The relative advantages and disadvantages of using AI weightings were outlined in chapter 
5. The findings of the validation interviews support those of the pilot interviews. Weightings 
for AI do not correlate with those for difficulty, even when summed. (There was a weak 
negative correlation between motor demands and difficulty ratings given by experienced 
crew.) However, the fact that AI weightings are not sensitive to situation specific influencing 
factors could now be viewed as an advantage in the light of the above paragraph. 
6.5.3 General points (ror ruture rererence) concerning crew tasking. 
Gunnery drills were considered difficult to train and learn and the QFC techniques were least 
well known. Also, previous interviews have ascertained that the subjective experience of 
workload increases at times of equipment failure. The complexity of reversionary mode drills 
such as QFC would therefore compound existing problems of work overload. If gunnery 
drills have to remain complex, then one solution to this problem would be extensive training 
and practice in gunnery drills. 
6.5.4 Crew experience or workload. 
Commanders reported suffering momentary work overload but they felt able to cope in the 
short term by prioritising crew safety and delegating tasks to other crew members. 
Commanders considered that on some occasions their job had overloaded their visual, motor 
and short term memory resources. (These are terms used by the author, not the crew who 
described their experiences in their own words.) The accidents and near misses cited all 
involved crew other than the commander and resulted from general fatigue of the whole crew. 
Problems were reported occurring in cases where the commander was overloaded and the 
crew fatigued. This indicated the need to include the study of whole crew fatigue during an 
extended duty cycle. 
6.6 CONCLUSIONS 
i) The 7 point difficulty rating scale was used successfully. It was found that novice and 
experienced crew gave similar patterns of difficulty ratings for a given series of sub-tasks. 
AI weights were represented for comparison. The fact that AI weights are not sensitive to 
the influence of the environment should not necessarily be a disadvantage when considering 
its use within a task analysis. 
ii) Gunnery drills, especially QFC techniques presented more learning difficulties than other 
drills. 
iii) MBT commanders felt their duties involved periods of temporary work overload. Visual, 
short term memory and motor overload were frequently quoted. Commanders coped by 
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giving priority to crew safety and delegating tasks to other crew. However, this strategy 
depended on the ability of the rest of the crew to respond. 
iv) The problem of whole crew fatigue was highlighted by the accidents and near misses 
cited. One frequently quoted area of high subjective workload was when crew fatigue and 
equipment failure coincided. 
6.7 RECOMMENDATIONS 
i) Difficulty ratings by the author can be used within the task analysis providing the author 
is deemed equivalent to novice crew with respect to the tasks concerned. 
ii) Attentional involvement scores could also be used as predictors for task demands, but 
. should not be considered to be representative of task difficulty, either as isolated resource 
demands, or as a total index with resource demands summed. 
iii) Where appropriate there should be an indication of situations (such as well practised 
tasks, or a stressful environment), where attentional involvement is expected to over or under 
estimate expected task loading. 
iv) Any study of MBT commander's workload should include a study of whole crew fatigue. 
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CHAPrER 7. 
SECONDARY TASK STUDY; sensitivity and intrusiyeness or a radio secondary task 
paired with an Improved Fire Control System OFCSl gunnery primary task. 
7.1 INTRODUCTION 
7.1.1 Aim or this chapter. 
To describe a pilot study which was carried out to discover whether it would be practical to 
use the radio net as a means to measure workload during a military exercise. 
7.1.2 Background. 
One of the aims of this thesis was to compile and implement a package of measures of main 
battle tank (MBn workload. These measures were to allow comparisons between different 
crewing configurations during military field exercises. It had been proposed to implement 
a diverse set of workload indicators, including the use of secondary tasks if this was deemed 
appropriate. For maximum sensitivity, it would have been desirable to make some measures 
of crew mental workload whilst the MBT was actively engaged in battle scenarios, closed 
down, and at a distance from the scientific monitors. One way of accessing crew activity in 
such circumstances would have been via the radio net. 
In the interests of military realism, use of the radio net for non military purposes was to be 
economical. This meant that measures involving the radio net needed to be well researched 
to include only those which were most sensitive and least intrusive. 
This chapter has described a laboratory study carried out to examine the use of a specific 
auditory secondary task. This was to find whether the task was intrusive, and which (if any) 
of the task components were sufficiently sensitive to workload to warrant furtber 
development. 
It is possible to assess the sensitivity of a secondary task by pairing it with a primary task 
which provides pre-assessed levels of mental loading. The person performing the 
experimental tasks is instructed to give priority to performance of the primary task. Both 
tasks are performed simultaneously. 
Secondary task sensitivity is indicated by any change in secondary task performance, with 
increasing demands of the primary task. Intrusiveness becomes apparent if performance of 
the primary task becomes worse in the presence of the secondary task, compared with the 
single task condition. 
A related topic on which information was required for this thesis concerned the distribution 
of crew duties. One option for the design of future tanks included the possibility of 
delegating the gunners to monitor the radio. The findings of this laboratory experiment were 
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to serve as a useful indication as to whether performance on either task (gunnery or 
monitoring the radio), would be affected by simultaneous performance of both tasks. 
This laboratory study combined an auditory secondary task (involving use of the radio net), 
with simulated IFCS gunnery as a primary task. Such an arrangement allowed for 
examination of both the secondary task components and the gunner/radio dual task 
performance. 
7.2 AIMS 
(i) To investigate the sensitivity and intrusiveness of an auditory secondary task. 
(ii) To look more closely at the components of that task, in terms of reaction time, short 
term memory and vigilance: This was to find whether performance on those components was 
sensitive to variations in primary task loading. 
(iii) To determine whether any sensitivity shown was sufficient to warrant further 
development of the secondary task for use during scientific monitoring of a military tactical 
exercise . 
. (iv) To show whether performance on either IFCS gunnery or monitoring the radio was 
affected by simultaneous performance of both tasks. 
(v) To comment on the possible use of Attentional Involvement weightings in the main task 
analysis. 
7.3 MEmOD 
7.3.1 Subjects. 
18 soldier subjects were provided by the Army Personnel Research Establishment Trials Unit. 
None had experience of IFCS gunnery procedures although they had used the tracking 
controls during a previous experiment. 
7.3.2 Design. 
A repeated measures design was used where each subject performed in all experimental and 
control conditions. Three levels of the independent variable were used and six dependent 
variables measured. 
7.3.3 Variables 
The independent variable was. the type of task loading in the IFCS engagement sequence. 
This is detailed in Annex 7.1. The dependent variables measured were aspects of the 
subject's performance. 
7.3.4 Measures. 
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From the primary task, time to fire was measured in hundredths of a second, and a count was 
taken of errors made during the firing sequences. The following measures were taken from 
the secondary task: the interval between the gunner being called on his head set, and the 
beginning of his call sign response; the interval between the gunner's receipt of a more 
complex message, and the beginning of his more complex response; the number of correct 
responses and the number of messages which the gunner missed. 
7.3.5 Conditions. 
Each experimental session consisted of five conditions and lasted 30 minutes in total. In 
conditions one and five, the subject performed only the secondary task. That is, he 
responded to radio messages to the gunner, but did not have to shoot, so he ignored the fire 
orders. Annex 2 details the tape formats used. 
Each of conditions two, three and four was assigned a different difficulty level of the 
primary task, and included the dual task, as well as the primary task in the absence of the 
secondary task. 
Also, part of the secondary task was included in the absence of the primary task. This 
consisted of radio checks which were given during the dual task conditions, but did not 
coincide exactly with IFCS performance. These were to indicate performance in monitoring 
and responding to the radio when the subject was not in a state of anticipating fife orders and 
not physically carrying out a shoot. 
Base line measures of secondary task performance were taken at the beginning and end of 
each session. (This was to allow for any practice effects during the session) Other conditions 
were presented in a mathematically balanced order. 
7.3.6 Apparatns: presentation of the primary task. 
The primary task was performed on an IFCS part task trainer for MBT gunnery. Schematic 
diagrams of the apparatus layout are shown in Figures 7.1a, 7.1b, and 7.1c. The hand 
controls, ie. the firing handle and grip switch/thumb controller, were identical to those in 
IFCS MBTs. They were positioned with respect to the brow pad in a similar configuration 
to that in an MBT. 
The target, muzzle bore sight (MBS) mark, ellipse and background trees were represented as 
appropriate on a 24 inch colour monitor distanced approximately five feet from the brow pad. 
The screen represented the gunner's view through his sight, therefore operation of the thumb 
control moved the position of the screen across the background, keeping the MBS mark 
constant in the centre of the picture. 
Information could be displayed on a dark background vertical strip to the left of the picture. 
This displayed the type of ammunition selected throughout the shoot. The following was 
displayed at the conclusion of the shoot: time from sequence initiation until lasing, autolay 
89 
and firing; whether the target was hit or missed; whether the following were performed 
correctly; control of the grip, ammunition selected, laying onto target, lasing, autolay, and 
firing. 
7.3.7 Presentation of the secondary task. 
Two tape recorders were used for the secondary task, the layout of these is shown in Figure 
7.2. Messages were presented on tape (Annex 7.2 gives details of tape formats) and were 
played by a Nagra tape recorder through two outputs. One output was to headphones worn 
by the subject throughout the experiment. The second output was connected to a second 
Nagra tape recorder. The subject's verbal responses were picked up by a microphone which 
also provided an input to the second Nagra. This second Nagra mixed and recorded its two 
inputs. The experimenter was able to follow the progress of the experiment by listening on 
headphones connected to the monitoring output of the second N agra and watching the 
television monitor. 
7.3.8 Taped messages. 
Each condition contained messages of varying difficulty levels which all followed predictable 
formats. These were in the correct military format and had been provided by the APRE 
Military Advisor. One message which would normally be given in code was given in clear 
to check whether subjects were noticing semantic content, or simply responding to the well 
learned format. 
The messages were read onto tape by APRE's Royal Armoured Corps Warrant Officer. This 
was to simulate messages being transmitted from Squadron Headquarters. Fire orders were 
given by a second voice to simulate that of the MBT commander. The radio messages are 
given in Annex 7.2. 
Messages and fire orders were dubbed onto a noise background which had been recorded in 
and MBT on exercise. This included engine noise and other speech between crew. 
Although message formats used were similar for both training and experimental sessions, 
messages used during training were not used in the experiment. 
7.3.9 Shielding from noise and light. 
In order to shield the subject from unrealistic extraneous noise, the headphones excluded 
outside noise as well as providing the subject with experimental stimuli. Any potentially 
distracting light was screened from the subject's gaze by a dark funnel shaped covering 
extending from the television monitor to the subject. The fixed position of the subject's face 
against the brow pad ensured maximum efficiency of this light exclusion. 
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Diagram to show Part Task Trainer layout. 
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FIRING HANDLE 
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L.L. .. ~~:!:::::::::t_~B~O~X_-1 
I 
Fiqure 7.1a 
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Diagram to show workstation layout. 
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Fiqure 7.1b 
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Screen display from Part Task Trainer. 
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7.3.10 Procedure. 
Training was completed during the ten days prior to the experiment. Subjects practised 
extensively each task separately and both tasks combined. They were deemed ready for the 
experiment when their performance reached a plateau. Before experimental conditions one 
and five, the subject was asked to respond only to the radio messages, not to the fire orders, 
although he was seated at the IFCS controls and wearing the headphones throughout the 
experiment. 
Before conditions two, three and four, he was told which type of target and ammunition to 
expect. Condition two was to shoot at static targets, condition three at slow moving targets, 
and condition 4 at faster moving targets. Condition 4 required selection of different 
ammunitions whereas the ammunition select function was not used in conditions two and 
three. 
The subject was instructed to give priority to the gunnery task and respond verbally to the 
radio (his voice was recorded). As the targets represented tanks, the experimenter suggested 
they should be regarded as threats which as a gunner, the subject should eliminate before they 
fired at him. 
Feedback was given on gunnery performance immediately following each shot. The 
experimenter was positioned so that he could see the monitor, but the subject could not see 
him. The subject was presented with condition one first, five last and two, three and four 
in the order designated for him. Presentation order was mathematically balanced across 
SUbjects. 
Two or three minutes were allowed between conditions for the subject's comment concerning 
the previous condition and instruction for the next condition. The experimenter scored or 
recorded the following as the experiment progressed: time to fire, errors in the shoot, 
messages responded to, and whether responses were correct. Response time data were later 
taken from the sound tape. 
7.4 RESULTS 
7.4.1 Primary Task 
7.4.1.1 Times to fire (Figure 7.3). 
The Hartley test indicated variances to be homogeneous, so an analysis of variance, two 
factor repeated measures on both factors was applied. There was no difference between times 
to fire for dual compared with single task conditions (p> 0.05). However, time to fire did 
increase as task loading increased (p<0.01). There was no interaction between the two 
factors, that is, level of loading and dual or single task performance. As no difference was 
found between dual and single task conditions, a single mean score is given for each condition 
in Figure 7.3. 
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Key to Figures. 
Primary task, IFCS Shoot 
MCP = motor, cognitive, perceptual 
Condition 2 = Static target technique 
MCP load - low 
Condition 3 = 
Condition 4 = 
Speed stress - high (resulting from motivation to achieve low firing 
times). 
Slow moving target technique 
MCP load - medium 
Speed stress - medium 
Fast moving target technique, various ammunitions. 
MCP load - high 
Speed stress - high (resulting from high MCP loading.) 
S indicates significant difference (p < 0.05) between conditions. 
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7.4.1.2 Errors (Figure 7.4). 
Errors were scored in terms of the number of errors possible for each condition. These were 
analyzed even though the error rate was extremely low. The analysis of variance showed no 
difference in the number of errors between dual and single task conditions (p > 0.05) and no 
interaction between levels of loading and dual or single tasks (p> 0.05). Students t tests 
indicated the difference in error numbers to be significant between the medium and high 
levels of loading (p<0.05) but not between the low and medium levels of loading. 
The subjects' skill in the IFCS task was reflected by the very low error rate. In such 
circumstances, (ie, when the subjects' skill in the primary task is constant), performance on 
the secondary task should indicate primary task workload level, Johnson and Haygood (1984). 
The secondary task can be considered non intrusive in this task combination because no 
difference was indicated in primary task performance between dual and single task conditions, 
either by errors, or times to fire. This could also show that subjects gave priority to primary 
task performance. 
7.4.2 Secondary Task. 
7.4.2.1 Response to messages 
i) A small number of messages (I %) were completely missed in condition 2 only. Otherwise 
all were acknowledged. 
ii) Number of messages correct (Figure 7.5); there was no difference between the number 
correct (in performance of the secondary task alone) at the beginning and end of the session. 
This was obvious from looking at the data, but confirmed by a Student's t test, (p> 0.05); 
so performance on this task had not altered by the end of the trial. The Hartley test indicated 
homogeneous variances, therefore an analysis of variance was applied and showed significant 
variation of scores between conditions (p<O.OI), and between subjects (p<O.OI). Thus, 
performance on this task was affected by single/dual task situations, also by the various levels 
of primary task loadings, although performance varied between subjects. Figure 7.5 shows 
mean scores for each condition. Performance was most affected by the conditions involving 
a high speed stress loading (conditions 2 and 4). That is, performance did not just degrade 
as motor, cognitive and perceptual loading increased, but also as speed stress loading 
increased. The difference in performance was not significant (p>0.05) between condition 
3 (where the primary task had medium motor, cognitive and perceptual load and medium 
speed stress), and the secondary task in the absence of the primary task. A students t test also 
indicated that the difference in performance between conditions 2 and 4 was not statistically 
significant (p> 0.05). 
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Time to reply is the interval between the gunner being cal\ed and the beginning of his cal\ 
sign response. 
i) Times to reply to radio checks (Figure 7.6); only 0.4% of these were missed, all in 
condition two. In general, response times were higher for dual task situations and highest for 
conditions 2 and 4. Students t tests showed no significant difference between any conditions. 
Time to reply to radio checks did not appear to be a very sensitive workload indicator; 
probably because the radio 'probes' did not coincide exactly with the shoots. However, it 
showed that the gunner's initial response to radio call ups was not severely affected in this 
situation. 
ii) Times to respond to the alert that a message will follow (Figure 7.6); in the dual task 
conditions, these calls and responses coincided with IFCS shoots and should therefore be the 
response times most sensitive to workload.. The pattern of response times reflected the 
different levels of loading, and increased with increasing psychological speed stress as wel\ 
as increasing motor cognitive and perceptual loading. However, this was only a pattern. The 
difference between the dual task with highest primary task loading (condition 4), and the 
secondary task alone, was significant (t=2.48, P<O.05). No other differences were found 
to be significant (p>0.05 in all cases). 
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iii) Response times to the complex messages (figure 7.7); this was the interval between 
being given the whole message and the beginning of the reply. It was measured to find 
whether the more complex mental processing and response time varied with workload. 
Dual task performance appeared to give a slight response time decrease. Condition 3 
(medium loading) was the only case where response times were significantly shorter than the 
single task control (students t gave P<O.05); otherwise no difference was found between 
conditions. Therefore this measure was not considered a sensitive indicator of workload 
variations in the primary task. 
All subjects remarked that the message given in clear would normally be given in code. It 
was assumed from this that subjects were not merely responding to a well learned format 
(well learned as a result of all the practice sessions), without noticing the message content. 
7.5 DISCUSSION 
7.5.1 Secondary task sensitivity. 
The reaction times, short term memory and vigilance components of this auditory secondary 
task were examined for sensitivity to both differences in motor, cognitive and perceptual 
(MCP) levels of primary task loading and differences in speed stress loadings. 
7.5.2 Speed stress and motivation. 
The speed stress was caused by subjects' own motivation to achieve comparatively low firing 
times in the static target condition (condition 2). It was also imposed by the primary task 
loading in the fast moving target condition (condition 4). Here, several operations had to be 
performed before the target left the screen. 
This allowed the effects of motivation and task load to be considered alongside the 
straightforward increase in MCP primary task loading. A sensitive secondary task should 
show a difference between the slow and fast moving target conditions (with least performance 
decrement on the slow and greatest decrement on the fast.) 
If motivation proves to be an important factor, then this too should be reflected by 
performance decrement in the static target condition. 
7.5.3 Short term memory of the secondary task. 
The most sensitive component of the secondary task was that which involved short term 
memory (Figure 7.5). This differentiated between all three levels of loading in the way 
described above, sufficiently to warrant further development for use during a military field 
exercise. 
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It showed a significant difference between the slow and fast mover conditions as well as a 
performance decrement for the static condition; although the difference between the fast 
mover and the static condition was not significant. 
7.5.4 Vigilance component of the secondary task. 
Sensitivity of the vigilance component was probably not tested sufficiently in the thirty minute 
sessions although a small number of radio 'probes' were missed in the static target condition, 
again highlighting the effect of subject motivation. This did not appear to be a sensitive 
measure of primary task loading. 
7.5.5 Response times: probe stimuli. 
Response times were also found not to be a sensitive indicator of worldoad. Times to 
respond to probe stimuli (that is, message alerts and radio checks) generally increased with 
increasing task loading, but were only significantly greater than the single task condition when 
probes coincided exactly with shoots in the highest load condition. 
7.5.6 Response times: complex messages. 
Response times to more complex messages were reduced for dual compared with single task 
conditions. This reduction was only statistically significant for the slow moving target, 
perhaps indicating a higher, nearer optimal level of mental arousal for this task. The high 
task loading of 'fast mover' and 'static' target conditions may have elevated the subjects' 
arousal level higher than is optimal for performance of these tasks. 
7.5.7 Potential use of response times. 
It would not be satisfactory to use response times to complex messages as a worldoad 
indicator. The fact that these times decrease with increasing worldoad (and arousal), up to 
a point, after which they increase with further increases in worldoad (and arousal), merely 
introduces complications into interpretations of results. 
However, a suitable secondary task might be developed based on the finding that response 
times to simple 'probe' stimuli increased with increasing worldoad levels. 
Unfortunately these simple response times showed no statistically significant differences 
between loading levels, merely a pattern. This may have been because response times are 
not greatly affected by worldoad variations, or there were too few subjects, or the 
measurement of response times was not accurate enough. 
During a military exercise, little could be done about the first two problems as the number 
of subjects for the military exercise would be fixed, but the accuracy of timings could be 
considerably improved with electronic timers. These would have to be voice activated and 
extremely sophisticated to function given the amount of background noise in a battle tank on 
exercise. 
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Even so, this measure may not be sufficiently sensitive to warrant use of the radio net, and 
the consequent interference with the running of the exercise, as well as possible disruption 
of data caused by radio jamming. 
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7.5.8 Consideration of an alternative task. 
Instead, it might be more practical to use a non verbal task such as cancelling a warning light. 
Responses could be electronically timed for maximum sensitivity. This task would not 
interfere with the radio nets or the administration of the exercise, and data would not be lost 
through radio jamming. 
7.5.9 Intrusiveness 
The auditory secondary task did not appear to interfere with performance on IFCS gunnery, 
although more subtle alterations in performance may not have been reflected by the measures 
taken (time to shoot, and errors). This may have been a result of instructing subjects to give 
priority to the primary task. 
7.5.10 Effects of fatigue. 
Long term fatigue effects would not be shown by these results as the experimental sessions 
only lasted thirty minutes. Even so, subjects concentrated intensely on both tasks and 
appeared tired afterwards. This observation prompted a further analysis of results according 
to presentation order. This showed that performance did not alter over time. 
7.5.11 Dual task performance of gunners. 
The IFCS task did affect performance on the secondary task. The fact that the short term 
memory element was most affected implies that a gunner could not be expected to cope with 
complex messages whilst shooting. Neither could he simultaneously shoot and listen or reply 
to the radio. Performance would suffer on the task which takes low priority. If tasks have 
equal priority, then both may suffer. 
7.5.12 Gunner responses to radio call ups. 
Few responses to call ups were actually missed, and these were in the static target condition 
where subjects were highly motivated to shoot rapidly. The finding that times to respond to 
call ups were only significantly increased when they coincided exactly with shoots, (even 
then, by only a quarter of a second), may indicate that a gunner could cope with short, well 
learned responses to simple call ups, even during an engagement. 
If a gunner has to monitor the radio, then problems could be avoided by making certain that 
he'receives no messages involving a short term memory component during engagements. He 
could use an indication such as the presently used 'contact wait out' before engagements with 
no expected decrement to his shooting performance (as far as can be measured by time, or 
errors). 
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This would have to be verified in a more realistic scenario, on exercise, over a period of 
several days for example. 
7.5.13 Workload indications in task analysis. 
Because of the multi disciplinary nature of workload, there exists no one accepted method for 
its representation in a task analysis. Any weighting of workload in a task analysis would 
. ideally directly describe the aspects of the loading critical to the goal of the task, and of the 
analysis. 
That is, when a task analysis is carried out with a view to showing workload of operators 
within a system, the workload should be represented such that periods of very high load in 
existing tasks, or potential problem areas in proposed tasks can be easily identified. 
As noted in earlier chapters, previous task analyses have used weightings such as: newness, 
difficulty and criticality, Noy et aI (1981); skill knowledge Turner (1983); task criticality, 
Siegel et aI (1980), and attentional involvement, McCracken (1983). 
Skill knowledge is descriptive rather than quantitative. All loading levels of the IFCS 
primary task used in this study were of equal 'newness' and had similar levels of task 
criticality; therefore the attentional involvement and difficulty rating scales were used to 
analyze the IFCS primary task. However, neither could allow for the effect of motivation 
or self imposed speed stress on workload as in condition 2. Difficulty ratings could not show 
this as the static target shoot was easy to perform compared with the fast mover. 
Attentional involvement ratings could not show this because they are taken from task 
documentations which can not specify environmental stressors, motivation or operator skill. 
Difficulty ratings could take the environment and operator skill into account, but could only 
be applied to existing tasks and not generalised to tasks beyond the experience of whoever 
applies the ratings. 
In the early stages of its development, use of the attentional involvement scale assumed task 
demands within each resource (motor, cognitive, perceptual and auditory) to be additive. 
There appears to be no scientific basis for this assumption but it is supported by this study 
because IFCS performance scores increased with loadings as described by the attentional 
involvement scale. Only secondary task performance showed that subjects put more effort 
into condition 2 IFCS performance. 
Further experiments omitting feedback about IFCS timings would eliminate the competitive 
aspect and may reduce motivation to achieve low timings in condition 2. This would give 
a clearer picture concerning task loadings and the effect of motivation on workload. 
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As the findings stand at present, the attentional involvement scale may be a useful way of 
describing cognitive psychomotor workload in task analyses, but there is a requirement to 
supplement it with provision for stress effects on workload in appropriate situations. 
Positive stress weightings for example, could indicate workload increases caused by factors 
such as poor environmental conditions or speed stress (whether self imposed or not). 
Negative weightings would indicate factors such as a high degree of operator skill which may 
decrease attentional demands on the task. 
Also, the auditory scale only allows for four levels of weighting as opposed to seven for 
psychomotor, visual and cognitive. This means that a weight of 4 on the auditory scale is the 
highest possible. A weight of 4 on any of the other resources is comparatively lower in terms 
of the weights that could be assigned. It is not desirable to directly equate weightings 
between resources, but identification of comparatively high workload peaks would be easier 
if the weightings for all resources were expressed in a similar marmer. For example, as a 
percentage, or decimals of the highest assumed weighting possible for that resource. A 
weighting of 3 on a 7 point scale would be expressed as 43% (or 0.43), but a weight of 3 on 
a 4 point scale as 75% (or 0.75). 
7.6 CONCLUSIONS 
i) This pilot study examined the sensitivity and intrusiveness of an auditory secondary task 
when paired with IFCS gunnery sequences providing three pre assessed levels of workload. 
ii) Performance on short term memory and reaction time components altered with the level 
of primary task loading but the vigilance component was probably not fully tested. Sensitivity 
of the reaction time component was not considered sufficient to warrant further development 
for use on the military field exercise. 
Hi) Performance on the short term memory component degraded with increasing primary task 
workload. Results suggest this is sensitive enough to warrant further development for use 
during the military exercise. 
iv) In the dual task conditions, performance on gunnery was not affected in terms of 'time 
to fire' or shoot errors. This implies that the radio secondary task was non intrusive. 
Performance on the radio task was affected in the dual task situation. This could be explained 
by the fact that subjects were instructed to give priority to the gunnery task. 
v) These data support the use of attentional involvement rating scales with the inclusion of 
weightings to provide for the effects of stressors (whether positive or negative) on workload. 
vi) In particular, the importance of allowing for the effects of motivation is highlighted. 
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7.7 RECOMMENDATIONS 
i) It is recommended that this auditory secondary task is not used as a workload measure 
during field exercises involving main battle tanks. 
ii) An alternative would be to use a radio task with a high short term memory component, 
but no reaction time component. This should have provision for easy recognition and scoring 
of errors. 
Hi) The reaction time component of the radio secondary task does not appear suitable for use 
as a workload measure on a field exercise. In this experiment it was not particularly sensitive 
to the effects of workload, and in the field would be susceptible to the effects of background 
noise, poor communications systems and problems such as radio jamming. 
iv) Therefore if any secondary task is used which involves measurement of reaction time, 
it would best take the form of 'probe' stimuli with reaction time automatically recorded for 
maximum sensitivity, and preferably not using the radio net. 
v) If a gunner does have to monitor the radio net whilst shooting, he should have no 
messages involving any short term memory component. 
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8.1 INTRODUCTION 
8.1.1 Aims of this chapter. 
CHAFfER 8 
SLEEP LOSS TRIAL 1. 
To describe the sleep loss experiment carried out to discover which 3 tests, from a battery 
of 8 computer tests, would be most suitable for use on hand held computers during the pilot 
study military exercise. 
8.1.2 Background. 
The military exercises comparing crew activities and workload of 3 and 4 man crew troops 
would require an input of scientific measures of crew performance. The Performance 
Assessment Battery of cognitive psychomotor tests for use on desk top computers appeared 
to offer a selection of suitable tests for use during the military exercises. The test battery was 
therefore obtained from the Waiter Reed Institute so that the tests within the battery could be 
assessed for potential use during the military trial. 
The test battery had been developed and implemented on desk top computers, but as it would 
be impossible to use desk top computers during the military trials, the tests were to be 
transferred to hand held microcomputers. Hand held microcomputers and desk top computers 
differ with respect to screen size, shape and display brightness (the liquid crystal displays of 
hand held versions are considerably more difficult to read in dim light); keyboard and key 
size, as well as their internal timing mechanisms (desk top computers offered timings accurate 
to 0.001 secs, hand held versions offered 0.1 secs). 
The above differences between computers could cause subtle differences to the characteristics 
oftests and soldiers' performance oftests transferred from desk top to hand held computers. 
A sleep loss trial was therefore carried out to compare performance on desk top and hand 
held versions of the tests; also to examine the sensitivity of the tests to fatigue induced 
through sleep loss. This chapter outlines the sleep loss trial. 
8.2 AIMS 
To compare the Performance Assessment Battery of tests in terms of their sensitivity to 2 
days of sleep loss. To enable a recommendation of 3 sensitive tests for use during the 
military field exercises. 
To discover whether the soldiers' performance of the tests was altered when tests were 
presented on hand held Husky Hunter computers compared with versions on desk top BBC 
computers. 
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8.3 METIlODS 
8.3.1 Methods for the trial. 
8.3.1.1 Subjects. 
12 infantry soldiers from the APRE trials unit took part in this trial. 
8.3.1.2 Design. 
A repeated measures design was used with all soldiers completing the tests on desk top and 
hand held computers. 
8.3.1.3 Procedures for the trials activities. 
The trial consisted of 3 baseline days when soldiers took a normal 7.5 hours sleep per night 
. and 2 experimental days when they had no sleep. 5 days later the soldiers were again 
available for a further test session, this was taken in order to give an indication of recovery. 
Soldiers were based at APRE where the trials took place and therefore they carried out their 
normal military duties during the days. During the two nights when sleep was not scheduled, 
they carried out patrols, watched video films and played cards. They were supervised by 
their own Warrant Officer 2 (W02) outside of test sessions. 
5 training sessions took place in the two weeks preceding the trial. The trial began 2 days 
after the last training session. Baseline measures for the tests were as foUows: day 1 from 
0800 to 0930 hours (Bl) and day 3 from 1430 to 1600 hours (B2). 
Experimental sessions took place on days 4 and 5 between 0900 and 1030 hrs (El and E2 
respectively). The final recovery session (RI) took place on day 10 from 0800 to 0930 
hours. 
8.3.2 Methods for the test sessions. 
The soldiers were put into 2 groups and at each test session the groups alternated as to 
whether they completed the desk top or the hand held computer version first. A test battery 
took approximately 30 minutes to complete. Soldiers would complete either the desk top or 
the hand held version of the battery and then have a break of approximately 15 minutes 
before completing the other version. Within the test battery, tests were presented in a random 
order, the tests were as follows. 
i) Two letter search, a visual search and recognition task. Two target letters were 
presented at the top of the screen, foUowed by a string of 20 letters in the middle of 
the screen. The soldier had to press the '0' key with his right hand if both target 
letters were present (in any order) in the string. If one or more letters were missing, 
he pressed the '1' key with his left hand. This test ran for 2 minutes. It was adapted 
from the Memory and Search Tasks of Folkard et aI (1976). 
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ii) Six letter search, as above, but with six target letters instead of two. 
iii) Two column addition, a self paced mental arithmetic task. Three two digit 
numbers were presented simultaneously in two column format in the centre of the 
screen. The soldier summed the digits and used the keyboard to enter the answer, 
most significant digit first. This test lasted 3 minutes. 
iv) Logical reasoning, an exercise in transformational grammar. The letter pair 
'AB' or 'BA' was presented with a statement that described the order of the letters. 
This statement was incorrect in some cases, for example, "BA, A is not preceded by 
B". The soldier indicated that he thought the statement was true by pressing the '0' 
with his right hand, or false, by pressing the 'I' with his left hand. Eight examples 
were given with knowledge of results. The task lasted 4 minutes. It was adapted 
from Baddeley (1968). 
v) Digit recall, a test of short term memory capacity. 9 random digits were 
displayed simultaneously in a row across the centre of the screen for 3 seconds. The 
screen was blanked for 3 seconds, then 8 of the 9 digits were re-displayed in a 
different random order. The soldier entered the missing digit. The task lasted 3 
minutes. 
vi) 4 choice reaction time, a test of reaction speed and accuracy. 4 squares were 
displayed on the screen, spaced as if in the corners of an invisible square. One 
square contained a smaller shaded square. 4 keys (f, I, V and M) on the keyboard 
represented the 4 squares. The soldier pressed the key representing the shaded square 
as quickly as possible. The shaded square immediately re-positioned into another 
square, or reappeared within the same square. The test lasted 5 minutes. It was 
adapted from Wilkinson and Houghton (1975). 
vii) Vigilance and detection, a test of concentration and accuracy. A series of 
single digits, randomly selected from 1 to 4 were presented in the centre of the screen 
at the rate of 2 per second. The soldier pressed a key as soon as the letter 3 
appeared. The test lasted 5 minutes. 
viii) Pattern recognition, a spatial memory task. A random pattern of 8 asterisks 
was displayed for 1.5 seconds, the screen blanked for 3.5 seconds, then presented a 
second pattern where either 2 or no asterisks had changed location. The soldier 
pressed the '0' key with his right hand if he thought the patterns were the same, and 
the 'I' key with his left hand if he thought they were different. Ten trials were 
given. This task was devised by Thorne et ai, (1983), as a non linguistic right 
hemisphere task. 
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The desk top computer carried 2 versions of the pattern recognition test. The version 
common to both types of computers presented 8 asterisks, the other presented 11 
asterisks. 
8.4 Results 
8.4.1 Sensitivity to sleep loss. 
Number correct for each test is shown in Fignres 8.1 to 8.8. Analyses of variance were 
carried out on both number correct and throughput for each test. Selected contrasts were 
made to compare baseline and experimental days. The only tests to show a significant 
difference in performance between baseline and experimental days were 4 choice reaction 
time, vigilance and digit recall. 
Table 8.1, Maximum percent perrormance deterioration rrom baseline. (Hand held 
computers only) 
Test No. correct Throughput 
Two letter search 9.7% 12.7% 
. 
Six letter search 12.63% 15.6% 
Addition 10.3% 10.8% 
Logical reasoning 9.9% 14.3% 
Digit recall 34.86% 34.2% 
Four choice reaction time 27.79% 35.9% 
Vigilance 36.3% 20% 
Pattern recognition 3.2% 29.2% 
8.4.2 Comparison or tests perrormance on desk top computers and hand held 
microcomputers. 
Correlations for number correct comparing the BBC desk top and Husky Hunter hand held 
computers were significant for all tests (p<O.OOl), apart from 6 letter search and pattern 
recognition. 
Correlations for throughput were significant for all tests, (PO.05 for pattern recognition 1, 
PO.OOl for pattern recognition 2 and all other tests.) 
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8.5 DISCUSSION 
8.5.1 General points. 
In carrying out a sleep deprivation trial with these particular computer tests, it had rapidly 
become clear that soldiers would not be self motivated to perform well (or even at all). 
Fortunately this eventuality had been considered in advance and it was possible to offer a 
prize for the best performance. Performances were ranked, errors were subtracted from 
number correct to provide a ranking score throughout the trial. 
The test battery had a recommendation that 10 training sessions should be carried out to bring 
performance to asymptote before beginning trials. The soldiers only had 5 training sessions, 
but during each session they had performed each test on two different computers. 
It would have been preferable to have recovery measures each morning for 3 days following 
the trial; this would have allowed an assessment to be made of any existing training effects. 
The author is of the opinion that there could be a training effect masking the sensitivity of the 
tests. 
Unfortunately the soldiers did not become available for a recovery session until 5 days later 
and would have lost the benefit of practice effects. The fact that the recovery measures tend 
to be lower than baseline shows the transience of the practice effects. 
8.5.2 Sensitivity or tests. 
Tests were sensitive to the time of day. A time of day effect of up to 20% had been 
anticipated and this was demonstrated in the difference between the 2 baseline measures which 
were deliberately given at different times of day. 
When examining test sensitivity, consideration must be given to the measures output by the 
tests. Throughput had been the recommended measure, calculated by dividing the number 
correct by the total reaction time and multiplying by a constant to make the data easier to 
handle. 
Total reaction times were calculated by subtracting both the stimulus generation and data 
storage times from the total running time of the test. This slightly underestimates total 
reaction time and gives a small bias to tests that involve a high reaction time component. 
Results would therefore favour the strategy that pays attention to speed rather than accuracy. 
As the tests were considered for use to indicate crew performance, it was not desirable to 
merely use throughput as the test output, but there would also be a need for an indication of 
the relative influences of both speed and accuracy. 
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The most sensitive tests were digit recall, 4 choice reaction and vigilance. The results of all 
three would be heavily dependent on reaction times. If they were used during the military 
exercise, the hand held computers would need to log times accurately to 0.001 seconds. 
8.5.3 Comparison or desk top and hand held computer versions. 
The fact that significant correlations were shown between the two versions indicates that they 
were similar except for the 6 letter search and pattern recognition. 
A closer examination of the 6 letter search test revealed that the hand held computer version 
included 50% of cases when 1 to 6 letters in the top row were missing from the bottom target 
row. The probability of one particular number missing was 8.3 %, of 2 missing, 8.3 % and 
so on. It was not clear what probability rules the desk top computer version was operating, 
but they did not appear to be the same as those for the hand held computer version. This 
would have resulted from an ambiguity in the task specification such that the programmers 
for the two different types of computers interpreted it differently. 
The pattern recognition task presented on the hand held computer differed from the desk top 
versions because of the physical display characteristics of the screens. On the hand held 
computer, the pattern consisted of fewer asterisks and took longer to generate. This meant 
that it was possible to watch the asterisks appear in serial order and remember the order. The 
test therefore allowed the soldier to use an element oflogic and was no longer purely a spatial 
'right hemisphere' task. 
8.6 CONCLUSIONS. 
i) Soldiers were not self motivated to perform well on these tests, especially after suffering 
sleep loss. 
ii) The aims of the trial had been achieved. The most sensitive tests were digit recall, 4 
choice reaction and vigilance. 
iii) The fact that no recovery sessions were held during the days immediately after the 
experimental days, left a doubt as to whether a training effect had masked the sensitivity of 
the tests. 
iv) The throughput measure alone would not give sufficient information concerning crew 
performance. For the particular military exercise, indications of accuracy and speed would 
be needed separately. 
v) The hand held computer versions of the tests could be considered to be the same as the 
desk top computer versions apart from the 6 letter search and the pattern recognition tests. 
112 
vi) The 6 letter search appeared to use a different set of probability rules on the two types 
of computer, this was a result of different interpretations of the task specification. 
vii) The pattern recognition test was altered by the physical characteristics of the two 
different types of computers; specifically in screen size and image generation speed. 
8.7 RECOMMENDATIONS. 
i) The digit recall, 4 choice reaction time and vigilance tests should be used on hand held 
microcomputers during the military field pilot exercise. 
ii) When presented on hand held computers, these tests can be considered to approximate to 
those used by the Walter Reed Laboratory. Reaction times would have to be logged to 0.001 
seconds. 
Hi) Measures used should not only be in terms of throughput. Separate indications of speed 
and accuracy are required. 
iv) The soldiers should be given some form of motivator to encourage them to perform the 
tests. 
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CHAYrER9 
MILITARY FIELD EXERCISE 1. 
9.1 INTRODUCTION 
9.1.1 Aims or this chapter. 
To present the findings from the first military field exercise and recommend further 
refinement of the test battery for use in the second military field exercise. 
9.1.2 Background. 
As outlined in the introduction to this thesis, the aim of this work was to provide a package 
of measures for use during a series of3 military field exercises (codenamed Enduras 1,2 and 
3), and to give a comparison of crew 'in tank' activities and workload. Preceding chapters 
described the experiments completed in order to compile the initial set of measures, and this 
chapter describes the implementation of the measures during the first military field exercise, 
Endura 1. 
Endura 1 was a pilot trial to discover whether the extended duty cycle, general scenario, and 
measures chosen, were suitable from a practical point of view, for use in Enduras 2 and 3. 
Also, to discover how best to tailor the input of the measures to the tactical scenario. This 
was to ensure the greatest chance of appropriate and successful data gathering during the 
second and third military field exercises. Endura 1 fought two 4 man crew troops in parallel 
against a common enemy. Enduras 2 and 3 would compare 3 versus 4 man crew vehicle 
operations. 
This chapter outlines the measures that were input into Endura 1 as part of the work for this 
thesis. 
9.2 AIMS. 
i) The aim of Endura 1 was to validate all aspects of the 12 day scenario, the control, 
monitoring and supporting organisation in preparation for the second military field exercise. 
ii) During Endura 1, the aims of the work for this thesis were to implement the initial 
package of measures into the military field exercise, and collect data; also to discover whether 
the package of measures was appropriate, or required further refinement for use in the 3/4 
man crew comparison exercise. 
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9.3 METHODS 
9.3.1 General methods for the exercise. 
9.3.1.1 Design. 
A matched groups design was used, with 2 troops of 4 man crew tanks fighting in parallel 
against a common enemy. Each troop consisted of 3 tanks. Therefore there were 12 subjects 
in each group. 
9.3.1.2 Subjects. 
The subjects were 24 soldiers, all trained crew, drawn from the proposed user population. 
9.3.1.3 Procedures for the exercise. 
The scenario. 
The exercise took place on Soltau Training Area and Hohne Ranges in Germany. The 
scenario for the exercise took the form of a tactical exercise, simulating a 12 day non nuclear 
war. Normal operating procedures were observed, with the crews being responsible for all 
digging, camouflaging and reconnaissance duties. 
Fire control. 
The simulated fire control techniques, simfics and simfire were used, and fire engagements 
took place regularly with enemy forces during battle runs. These simulation fire control 
techniques did not allow the loader to carry out his normal loading duties. As it was 
desirable for loaders to be subjected to their normal level of physical activity, they were 
required to handle the appropriate amount and type of ammunition at times other than during 
battle runs .. Therefore they unloaded ammunition after the test sessions. The amount of 
ammunition unloaded was equivalent to that which would have been fired since the previous 
test sessions. At replenishment stops, ammunition was reloaded onto the tank and stowed. 
Tactical activities. 
When in defensive and hide positions the crews were tactical at all times. They were to 
camouflage the vehicles and create no more than minimum light and noise. 
Scientific observers. 
Two members of the APRE scientific staff acted as observers and followed each troop, 
monitoring crew off tank activities. These observers worked 12 hour shifts plus an 18 hour 
shift in mid exercise when they changed between night and day shifts. 
Every 8 hours the exercise was halted for test sessions which lasted 30 minutes. A further 
member of APRE staff joined the observers to administer the tests, thus a member of the 
APRE scientific staff was assigned to each tank. 
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Durillg the training period, crew and scielltific staff were familiarised with the tests .... 
... .. whilst the vehicles were fitted with fire cOlltrol simulatioll alld various scielllific test 
equipment. 
9.3.2 Measures used. 
The author outlined the complete package of measures required. Because the resulting 
package was extensive and varied, responsibil ity for the foll owing measures was delegated 
and therefore the measures are noted, but not treated in detail within this thesis: pre and post 
exercise physiological measures, continuous monitoring of off tank activities, and a secondary 
task of light cancellation. It is also noted that computer programming for the computer tests 
was carried out by a coll eague. 
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Apart from the exceptions noted above, the author was responsible for devising, producing 
and implementing the measures as well as training staff and soldiers in their use. She was 
also responsible for data collection; collation, reduction and descriptive statistics .. APRE 
Statistics Section carried out the majority of the analyses of variances. 
The following measures were implemented. 
Prelpost exercise. 
Physiological measures and pre/post exercise debrief 
questionnaires. 
Every 8 hours during half hour test sessions: 
sUbjective measures of stress and arousal, sleep amount and 
quality, task demands and loading (ie. workload ratings), and 
assessment of own performance. Microcomputer tests were 
given to measure digit recall, four choice reaction time and 
vigilance. Measures were also made of visual fatigue and 
hand grip strength. Crew were given time to complete any 
outstanding entries on their ongoing activity logs and 
completed logs were collected. 
Throughout the exercise. 
Records were made of off tank activities and crew kept a 
record of 'in tank' activities. Firing performance was 
monitored and the radio dialogue was recorded for future 
reference. A crew secondary task, involving cancellation of 
a warning light, was built into the crew workstations. A 
BATCO (battlecode) encryption task was injected over the 
radio net at intervals. Unfortunately there were technical 
problems, and as a result, no data became available from 
these latter two measures. 
9.3.2.1 Training. 
The exercise was preceded by a one week set up and training period. In this time, crew and 
scientific staff were trained in the activities that they would have to carry out during the 
military exercise. Crew were given 10 training sessions on the questionnaires and tests. (Ten 
is the recommended number of practice sessions to take subjects to the top of the learning 
curve on the computer tests.) Baseline measures were taken at the end of the training period. 
9.3.2.2 Recovery. 
Unfortunately, for reasons outside the control of the author, it was impossible to have the 
soldiers available for a recovery period following the exercise. Therefore it was not possible . 
to make measurements of recovery performance. 
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9.3.3 Methods for the measures used pre!post exercise. 
9.3.3.1 Pre/post exercise physiological measures, procedures. 
Tests to assess submaximal aerobic capacity, anaerobic capacity and isokinetic (dynamic) 
strength were carried out immediately before and after the exercise. The measures were 
confined to the upper body for 8 soldiers per troop and to the lower body for 4 soldiers from 
each troop. Isokinetic strength for shoulder extensionlflexion or knee extensionlflexion was 
measured using a Cybex 11 isokinetic dynamometer. 
Aerobic capacity was measured by plotting the oxygen uptake/heart rate relationship achieved 
with the soldiers exercising on a bicycle ergonometer. The bicycle was either powered by 
foot pedalling or hand cranking, depending on whether upper or lower body aerobic capacity 
was being measured. Anaerobic capacity was measured using the Wingate Anaerobic Test. 
These tests were carried out on all player and enemy soldiers. This was because the enemy 
soldiers were to be available as substitutes during the exercise. 
9.3.3.2 The pre/post exercise questionnaire, procedures. 
Questionnaires were administered to each soldier separately. The pre exercise questionnaire 
was presented to all soldiers during the rest and maintenance day just before the start of the 
exercise. The post exercise questionnaire was administered as soon as the exercise ended. 
The questionnaires are included in Annex 9.1 to this chapter. 
9.3.4 Methods for the measures used every 8 hours during the half hour test sessions. 
9.3.4.1 Procedure for the half hour test sessions. 
Test sessions took place at intervals of 8 hours and each batch of tests was of 30 minutes 
duration. The majority of test sessions took place in a tactical setting and were therefore in 
an environment where noise and light was maintained at minimal levels. The following 
measures were administered during these sessions: computer tests of 4 choice reaction time, 
digit recall and vigilance; visual fatigue; subjective assessments of the amount and quality of 
sleep, work type and workload 
Whenever possible these test sessions took place within the vehicle with crew positioned in 
their own crew stations. The experimenter climbed onto the tank, deposited the box of test 
equipment on the turret near the loader's hatch, then set up the two computers to function for 
the commander and gunner. 
The commander and gunner immediately began the computer tests (which took 13 minutes), 
then completed the questio~aires. Meanwhile, the experimenter measured the loader's visual 
fatigue and hand grip then gave him the questionnaire to complete, plus new activity log forms 
as appropriate. This procedure was repeated with the driver. 
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The loader and driver th en completed any outstanding activity log forms in their possession 
since the prev ious measuring session and handed them to the experimenter. 
When the commander and gunner finished their computer tests, they handed the computers 
to the experimenter who set them to function for the next two crew and passed them to the 
loader and driver. 
The experimenter measured the gunner's visual fatigue and handgrip , then gave him any new 
activity logs as appropriate. This procedure was repeated with the commander. The gunner 
and commander completed any outstanding activ ity logs, then handed th em, along with 
completed questionnaires to the experimenter. 
The experimenter recorded the number of simtics rounds fired and packed the majority of his 
equipment before finally receiving the two computers from the loader and driver. 
A scientific experimenter administerillg a test sessioll on a vehicle during daylight. The 
commander alld gunller are completing computer tests whilst the loader is givell a 
questiollfUlire. 
9.3.5 Methods for subjective measures. 
9.3.5.1 Introduction to suhjective measures. 
Subjective measures were taken in order to complement th e computer tests and fat igue 
measures. Short questionnaires were given during each half hour measuring period to obtain 
the crews' impression of th eir workload, state of wellbeing (that is how stressed or aroused 
they felt) and the amount and quality of their sleep. To prov ide a subject ive reco rd of 
act ivities, crew completed activity logs. On alternate days, crew were as ked to rate their own 
effici ency level and co mment on what they felt to be the worst part of their work . The 
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questionnaires were printed on AS size card for easy use within the confined space of the 
tank. Examples of the subjective measures are given in Annex 9.2, pp.A-23 to 26. 
9.3.5.2 General proCedures for subjective measures. 
All crew were familiarised with the questionnaires during training sessions before the 
beginning of the exercise. On baseline days and· throughout the exercise, the questionnaires 
were administered during the half hour measuring periods, inside the tank, with crew 
positioned at their workstations whenever possible. 
Torch light was used to supplement the standard lighting within the tanks. 
Activity logs were given to the crew during the half hour measuring periods. Between test 
sessions, the logs remained suitably positioned at each crew station. Time was also made 
available for their completion during test sessions. It took approximately S minutes to 
complete the questionnaires and 2 or 3 minutes for the activity logs. 
9.3.5.3 Stress Arousal Check List (SACL), introduction. 
The SACL is a mood adjective checklist which has been shown by factor analysis to provide 
scores on two different fundamental aspects of mood, termed 'stress' and 'arousal' (eg. 
Mackay, Cox, Burrows and Lazzarini' 1978). For the purposes of this checklist, stress is 
'feeling tense, uncomfortable, unpleasant and bothered'. The stress factor score is concerned 
with the respondent's evaluation of the favourability of his internal and external environment. 
Arousal is being 'alert, awake, attentive and lively'. The arousal score indicates the 
respondent's position on the sleep/wakefulness continuum. 
The SACL has been used both in industrial and military research for example by Farmer and 
Feggetter (1981). 
9.3.5.4 Stress/arousal check list, procedure. 
There were 4 variations in the order of the adjectives; these were presented to the crew in a 
balanced order throughout the trial. The crew responded to each adjective by using a 4 point 
rating scale. The rating scale was marked with the following symbols: + + ('definitely feel'), 
+ ('feel'), 1 ('not sure') and - ('don't feel'). This took less than 3 minutes to complete. 
9.3.5.5 Sleep amount and quality, procedure. 
These questions requested the number of hours sleep to the nearest quarter hour, and the 
number of sleep periods since the previous measuring session. Six descriptors of sleep 
quality were presented, each with a seven point rating scale. These were as follows: easy to 
get to sleep/difficult to get to sleep; broken sleep/unbroken sleep; heavy sleepnight sleep; 
wake up tired/wake up refreshed; easy to get up/difficult to get up; on the whole excellent/ 
terrible. Crew were asked to use this to score the quality of their main sleep period. 
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9.3.5.6 Workload ratings, procedure •. 
Seven descriptors relating to physical and mental task demands were listed, each with a seven 
point rating scale. The descriptors were as follows: physically exhausting/physically relaxing; 
mentally exhausting/mentally relaxing; very boring/very interesting; very active/ very idle; 
very easy/very difficult; very light! very heavy; overloaded never/most of the time. Crew 
scored the quality of their task demands since the previous measuring session and then wrote 
any comments they had concerning special difficulties, unusual happenings, or general 
comments about their duties and workload. 
9.3.5.7 Self assessment, procedure: 
These additional questions were given on alternate days. They asked about the worst part of 
the work since the question was previously given, and asked crew to rate their present 
efficiency by ticking one of 5 descriptors: very bad, bad, average, good and very good. They 
also asked crew to indicate at what percentage of their best they felt they were performing. 
In order to do this, crew marked a 10 cm line which was labelled totally exhausted/l00% 
totally efficient, the mid point was labelled 50%. 
9.3.6 Methods for microcomputer tests. 
9.3.6.1 Micro computer tests, introduction. 
Cognitive psychomotor performance was measured in terms of digit recall, 4 choice reaction, 
and vigilance. Descriptions of the tests are given in chapter 8 of this thesis. The tests were 
presented on hand held micro computers, Husky Hunters, one of which is shown in Annex 
9.3, p.A-27. As noted in the introduction, programming of the computers was carried out 
by a colleague. 
Both 'enemy' and player crews were given 9 training sessions on these tests. Enemy were 
trained in case they should be substituted as players during the exercise. In order to motivate 
the soldiers to perform these tests, each crew score was ranked, with a prize awarded for the 
best crew at the end of the exercise. 
9.3.7 Methods of tests for visual fatigue. 
9.3.7.1 Tests of visual fatigue, introduction. 
As an indicator of general and visual fatigue, the following were measured: convergence, that 
is the process of directing the visual axes of the two eyes inward; esophoria, that is the 
tendency of either eye to turn in looking towards the nose; and exophoria, that is the tendency 
of either eye to turn out looking away from the nose. A modified version of the RAF near 
point rule was used to measure convergence. This version of the near point rule was 
designed to be extra rugged and small enough for use in the confined space of the tank. The 
Maddox wing device was used to measure lateral phoria, that is, eso and exophoria. The 
Maddox wing device and the modified version of the RAF near point rule are shown in 
Annex 9.4, p.A-28. 
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9.3.7.2 Maddox wing test for lateral phoria, introductory notes. 
The Maddox wing test acts by separating the visual fields presented to each eye aod 
dissociating them. It measures phorias at a distaoce of a third of a metre. The subject looks 
through the two slit holes in the eye pieces of the instrument. The instrument displays a 
vertical white arrow to the right eye, aod a horizontal row of numbers to the left eye. The 
numbers are calibrated to read in degrees of deviation (measured in prism dioptres). The 
white arrow points to the horizontal row of numbers aod should appear to point to zero. Any 
deviation indicates ao eso or exophoria, the amount of which cao be read from the scale. 
9.3.7.3 Maddox wing test, procedure. 
The soldier wore aoy correcting lenses that he would normally wear. The test was 
administered inside the taok with the soldier seated in his crew station whenever possible. 
The adequacy of the light level was maintained as necessary with a torch or staodard internal 
turret lighting. The soldier was asked to look through the eye slits with his left eye covered, 
report what he could see; then with his right eye covered aod left eye uncovered, report what 
he could see. (This ensured the soldier's eyes were correctly accommodated aod that light 
levels were adequate for the numbers to be read.) Then the right eye was uncovered aod the 
soldier was asked to report the number closest to white arrow. 
9.3.7.4 RAF near point rule test for near point of convergence, introductory notes. 
This test measures reflex convergence defined as follows,;. When the eyes are viewing a 
distaot object, the visual axes are parallel; however, as the object is brought closer, the axes 
start to converge aod the eyes begin accommodating. This continues until the limit of 
convergence is reached, beyond which the object appears double. The point where the image 
first appears double is termed the near point of convergence. 
Measurements made within main battle tanks incur severe space restrictions. Therefore a 
modified apparatus was produced to measure near point of convergence. It consisted of a rod 
with a cheek piece attached to one end. The rod was marked at even centimetre intervals 
beginning from the cheek piece. The lowest mark was at 6 cms from the eyes aod the highest 
was 30 crns. An upright sliding metal square was mounted on the rod such that it could be 
moved towards aod away form the cheek piece. This slide presented the soldier with a white 
background displaying a vertical black line with a black spot in the centre. 
9.3.7.5 RAF test for near point of convergence, procedure. 
The soldier wore aoy correcting lenses that he would normally wear. The test was 
administered inside the tank with the soldier seated in his crew station whenever possible. 
Adequacy of the light level was maintained as necessary with a torch or staodard internal 
lighting. The soldier held the cheekpiece against his cheeks aod aogled the rod slightly 
downwards such that the aogle of his head corresponded to that normally adopted when . 
reading a book. He was asked to fixate on the dot in the centre of the vertical line presented 
on the slide, move the slide towards his nose, aod report when the line appeared double (not 
just blurred). The experimenter noted the reading on the rod in centimetres; then the soldier 
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moved the slide right up to the cheek piece, then away, until he reported that the line 
appeared single. This position was noted, and the mean of the two readings was used for 
analysis. 
9.3.8 Hand grip strength. 
9.3.8.1 Hand grip strength, introductory notes. 
This was measured with a hand grip dynamometer in kilograms weight. For maximum grip 
strength, the gross gap between the handles was standardised at 5 cms (pheasant and Scriven 
1983). The hand was in a neutral position with respect to the arm, that is, not prone or 
supine. As space was limited, the arm was positioned with a 90 degrees fiexion at the elbow. 
AIl measurements were made on the right hand only and the left hand was used to support 
the dynamometer. Annex 9.5, p.A-30, shows the hand grip dynamometer. 
9.3.8.2 Hand grip strength, procedure. 
This test was administered inside the tank with soldiers seated in their workstations whenever 
possible. The soldier gripped the dynamometer handles and was asked to give a steady 
squeeze lasting 3 seconds (counted by the experimenter), then to relax his hand before 
squeezing again. Three squeezes were made; after each squeeze, the reading was recorded 
and the dynamometer reset to zero by the experimenter. 
Analysis was carried out on the maximum reading from each set of 3 readings. 
9.3.9 Methods ror the measures used throughout the exercise. 
9.3.9.1 Off tank activity recording, procedure. 
Scientific staff from APRE followed the exercise, observed the crews and marked proformae 
to give a continuous recording of each crew member's off tank activities. This included 
information concerning firing performance in terms of rounds fired and number of hits. As 
noted in the introduction, responsibility for this measure was delegated, therefore this measure 
is not treated in detail. 
9.3.9.2 Selr reported 'in tank' activity logs, procedure. 
There were four self report activity logs. One specifically designed for each crew station 
(Annex 9.2, pp.A-25 and 26). Each consisted of a list of approximately 15 key activities in 
a column on the left side of the card. To the right of the activity list was a 4 hour time base 
extending across the card. This was to a definition of 15 minutes. The crew member shaded 
in the time base alongside the appropriate activities to indicate when and for how long he did 
each activity. This was to provide a subjective time line task analysis, and was completed 
as the exercise progressed. 
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9.3.9.3 Flring performance (Simfics), procedure. 
Simfics indicated when the main armament was fired, by producing a flash. On the vehicle 
that had been hit, simfics equipment activated smoke canisters and a flashing light. The 
system was to record the number and type of rounds fired. A crude measure of battlefield 
performance would be obtained from the number of hits and misses, as well as the number 
of times the vehicle was hit. 
9.3.9.4 Radio dialogue, recording procedure. 
This was recorded in writing by the radio operator in the database caravan. 
9.3.9.5 Secondary task of light cancellation, procedure. 
This was in the form of a crew task. Each crew station was fitted with a small warning light 
with a push button cancellation. The lights illuminated at random intervals and crew were 
to cancel them as soon as possible. If necessary, crew could cancel each other's warning 
lights. 
The driver's light was mounted centrally above his instrument panel such that it could be seen 
both in closed down and head out driving positions. The commander's and gunner's were 
situated to their right; in the commander's case it was below his episcopes. The loader's light 
was on the left side of the turret forward of his hatch. 
Time to cancel was recorded and stored on the on board microprocessor. Data was to be 
accessed periodically via the telemetry system, or by plugging a microcomputer into the 
processor. The telemetry would relay the data directly to the database processing caravan, 
where it could be printed. 
9.3.9.6 BATCO (a battle code system), procedure. 
A battlefield code system was used to send coded messages to crews at various times. They 
had to decode the message, find an answer (perhaps a map reference), encode the answer, and 
reply. Errors at various stages and times to respond were to be recorded. 
9.4 RESULTS 
9.4.1 Results of measures made pre/post exercise. 
9.4.1.1 Physiological measures, results. 
The results are presented in Tables 9.1 to 9.7 (pp. 126 and 127) and in Figures 9.1 and 9.2 
(p.125). 
i) Anthropometric measures, results. 
There were no anthropometric differences between the two troops. Their mean age was 23.2 
years, mean height 178.7 cms, mean weight 76 kg and mean skinfold thickness 16.9% body 
fat. 
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Table 9.1 
Hean Anthropometric Data and changes in body weight for all the subjects 
( 24) and for both Troops (n • 12 in each case). 
Age Height % BF Wt(£re) Wt(Post) 
Troop 1 mean 23.2 177.7 18.1 77.3 76.7 
so 5.6 8.4 4.1 9.2 9.1 
Troop 3 mean 23.2 179.6 15.8 74.8 73.3 
SO 6.3 5.6 5.3 7.9 7.7 
Overall mean 23.2 178.7 16.9 76.0 75.6 
SO 6.1 7.1 4.8 8.5 8.5 
Table 9.2 
Hean absolute values for all subjects (n • 16) and individual troop (n • 8 for 
both troops) for upper body anaerobic peak power (PP), mean power (MP) and power 
decrease (PO). 
All subjects Troop 1 Troop 3 
P<e Poat Pr. Post Pre Post 
PP(Uatts) 486.9 508.3 502.7 515.6 471.1 500.9 
SO 61.2 61.1. 40.3 48.6 76.3 74.7 
MP(Watte) 329.2 3t. 5. 9 345.0 357.8 313.5 334.1 
SO 52.8 43.2 53.5 36.7 50.3 48.3 
PD(Watts .) 10.2 10.7 10.0 9.9 10.5 11.4 
SO 1.7 2.0 1.5 2.2 2.0 2.9 
Table 9.3 
Hean rehtlve values for all subjects (n • 16) and individual troop (n • 8 
(or both troops) for upper body anaerobic peak power (PP), mean power (HP) and 
for powe.r decrease (PO). 
All subject TToop Troop 3 
Pn Post. Pr. Post Pn Post 
PP(Uatts kg) 6.22 6.57 6.34 6.54 6.11 6.61 
SO 0.54 0.57 0.48 0.52 0.61 0.65 
MP(Watts kg -I) 4.21 4.48 4.34 4.55 4.08 4.42 
SO 0.52 0.54 .0.52 0.60 0.51 0.52 
PO(Watts kg -I s) 0.13 0.14 0.13 0.12 0.14 0.15 
SO 0.02 0.03 0.01 0.02 0.02 0.03 
Table 9.4 
Mesn sbsolute values for all subjects (n - 8) and individual troops (n - 4 
for both troops) for lower body anaerobic peak power (PP) mean power (MP) and 
power decrease (PO). 
All subjects Troop Tt"oop 3 
Pn Pos t Pr. Post Pn Post 
PP (Watts) 584.0 633.7 586.9 700.4 581. I 567.0 
SO 74.2 81.8 
HP (Watts) 427.1 470.5 412.5 498.6 441.7 442.5 
SO 48.1 61.7 
PD(Watts .) 9.9 10.9 10.3 12.3 9.6 9.4 
SO 0.7 2.9 
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Table 9.S 
Hean relative values for all subjects (n • 8) and individual troop (n • 4 
fo, both troops) for upper body anaerobic peak power (PP) I mean power (HP) .nd 
for power decrease (PO) • 
All subjects Troop Troop 3 
P<e Poat P<e Poat P<e Post 
PP(Yatta kg -I) 8.24 9.06 8.10 9.84 8.38 8.27 
SO 0.73 1.08 
MP(Watts kg -I) 5.99 6.72 5.70 6.97 6.29 6.47 
SO 0.57 0.43 
PD(Watt, kg-la) 0.14 0.16 0.14 0.17 0.14 0.14 
SO 0.02 0.04 
Table 9.6 
Hean values for all subjects (n • 15) and individual troop (n • 7, Troop 
I; n - 8 troop 3) for shoulder extension and flexloni absolute and relative. 
All subjects Troop Troop 3 
P<e Pos t P<e Poat P<e Post 
Flex ton Nm 73.6 66. I 70.0 67.4 77. I 64.9 
SO 10.9 8.2 9.9 9.2 11.3 7.6 
Flexion N. 
kg -1 0.94 0.85 0.87 0.85 1.01 0.86 
SO 0.12 0.11 0.09 0.12 0.12 0.10 
Extension Nm 103.5 98.5 103.2 105.4 103.9 92.5 
SO 17.2 13.5 17 .5 Il.l 18.1 12.9 
Extension No 
Kg -I 1.32 1.27 1.28 1.32 1.36 1.23 
SO 0.21 0.16 0.21 0.14 0.22 0.17 
Table 9.7 
Mean absolute and relative values for all subjects (n • 6) for knee extension 
and flex ion, absolute ¥nd relAtive. 
Extension Extension Flexlon Flexlon 
Nm Nm kg- 1 ... Nm kg- 1 
All subjects 
p" 174 .6 2.44 117.4 1.62 
35.3 0.35 45.3 0.49 
Post 176.1 2.53 127.7 1.81 
13.8 0.23 29.9 0.30 
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At the end of the exercise, both troops had lost body weight. Overall, 18 soldiers lost 
weight, maximum 2 kg and 6 gained weight, maximum 1.1 kg. 
ii) Aerobic capacity, results. 
There were no significant pre/post trial changes in either the slope or intercept of the line 
relating oxygen uptake to heart rate (Figures 9.1 and 9.2, p.12S). 
iii) Anaerobic capacity, results. 
Upper body peak power for troop 3 significantly increased pre/post exercise from 471.1 to 
500.9 Watts (p<0.0S). Otherwise there were no changeS. 
iv) Isokinetic strength, results. 
Isokinetic shoulder extension was significantly reduced for troop 3, (p < 0.05) from 103.9 Nm 
to 92.5 Nm. Shoulder flexion was significantly reduced (p < 0.05), from 77.1 to 64.9 Nril. 
Otherwise there were no changes. 
9.4.1.2 Pre/post exercise questionnaire results. 
The results of the pre/post exercise questionnaire are presented in detail in Annex 9.6, pp.A-
35 to 54, and the main points are summarised in the following paragraphs. 
Some soldiers were new to their crew positions. 
4 soldiers were not in their usual crew positions for this exercise, and one driver, (normally 
a loader), was filling this role for the first time. 
Soldiers, apan from commanders, were relatively inexperienced. 
The average experience was greater for commanders and least for drivers. 30% of soldiers 
had less than one year of experience of their crew position, and 50% had less than 2 years 
experience. Their experience on tanks was not much more than their experience in their 
present crew positions. 13 % said this was their first exercise. 
The intercom and harness needed improvement. 
The intercom and harness elicited the most complaints. Nearly 30% of crew felt that 
modifications to this would improve their jobs. Over 60% felt that modifications would 
improve teamwork, and 40% blamed the intercom for creating teamwork problems. 
There were teamwork problems. 
Over 80% of crew stated there were problems with teamwork. This was deemed to have 
been caused by the intercom, fatigue, personality differences, inexperienced or new crew 
members, and overwork. 
Crew felt stressed. 
L 
The main causes of stress were equipment failure, and working whist tired. 
causes for stress were listed. /.. 
Fifteen different 
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Jobs were omitted or cut shorl. 
The jobs most commonly omitted or cut short were maintenance and servicing, cleaning 
weapons, digging, and first parades. 
C011l11Ulnders were most overworked, other crew position workloads were just right. 
Opinions of other crewmen's workload showed that most crewmen thought the commanders 
were overworked, other crew positions were not excessively loaded. These opinions were 
confirmed by the soldiers opinions of their own workloading. 
9.4.2 Results of measures taken every 8 hours during the half hour test sessions. 
9.4.2.1 Summary results of SUbjective measures. 
The following summarises the peaks in subjective assessment of task demands, and the 
amount and quality of sleep per exercise day. 
Day 1. Activities: bomb up and road march. 
Reported as mentally relaxing work. Drivers more stressed than rest of crew. Drivers 
reported more heavy workload than rest of crew. 
Day 2. Activities: hide routines. 
All assessments average. 
Day 3. Activities: move hides. 
Work reported as difficult. Troop 3 reported low stress, high arousal. Crew sleep was 
several naps. Troop 1 had most sleep periods. Loaders were least stressed and more aroused 
than rest of crew. 
Day 4. Activities: deployment and replenishment. 
Loaders reported an increase in stress. 
Day S. Activities: hide routines, NBC black, and attacks. 
All assessments average. 
Day 6. Activities: attacks and battles. 
Work reported as mentally relaxing. 
Day 7. Activities: withdrawal, ambush, move positions, and NBC black. 
Work physically exhausting. Drivers reported high stress and low arousal levels. All crew 
reported low arousal. Only 1.25 hours sleep reported per man. Most crew reported a single 
nap of roughly 1 hour. Commanders reported fewest sleep periods. Loaders reported the 
least sleep. Gunners reported the worst quality of sleep. All crew reported very light sleep. 
All crew found it difficult to get up. Troop 3 had more sleep than troop 1. 
Day 8. Activities: hide routines, crash out, and attacks. 
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All crew reported high arousal levels. Commanders reported fewest sleep periods. Troop 
3 had more sleep than troop 1. 
Day 9. Activities: hide routines, decontamination drills, and NBC state black. 
Crew reported feeling idle, especially loaders and drivers. Work was reported as physically 
relaxing. Worldoad was light, particularly for loaders. Less work overload was reported. 
Crew generally reported low stress and high arousal. Commanders reported fewest sleep 
periods. Sleep for most crew was taken as several naps amounting to approximately 6 hours 
per man in total. Troop 3 had more sleep than troop 1. 
Day 10. Activities: night move and running replens. 
Loaders reported heavy worldoad. Commanders had fewest sleep periods. Troop 3 had 
more sleep than troop 1. 
Day 11. Activities: battle runs and night move. 
Crew felt comparatively active. Work was reported as interesting. Troop 3 reported high 
stress and low arousal levels. Drivers all reported high stress and low arousal. Commanders 
had fewest sleep periods. Troop 3 had more sleep than troop 1. 
Day 12. Activities: battle runs. 
Work reported as physically exhausting. 
9.4.2.2 Stress arousal check list, results. 
Stress scores for each troop are shown in Figure 9.3, and arousal scores in Figure 9.4. 
Scores were similar for both troops for the majority of the exercise, but troop 3 was more 
highly stressed and less aroused than troop 1 following the road march on the second day, 
and following the battle run on day 12. 
Analysis of stress and arousal levels per crew station indicated that drivers were stressed after 
the first day's road march. Commanders reported being relatively least stressed of the crew 
positions. Variability in the arousal levels and the peak arousal scores decreased as the 
exercise progressed, less so for troop 3 than troop 1. 
Comment on this measure. 
Arousal scores are prone to a time of day effect which is difficult to analyze out of these data 
because the measurement times were not at the same time each day. 
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9.4.2.3 Sleep amount, results. 
Cumulative sleep. 
Figure 9.5, p.133, shows cumulative sleep. The broken line indicates the amount that would 
have accrued if crew had 7 hours sleep per day (the baseline level). By the end of the 
exercise, crew were short of this projected amount by approximately 40 hours. 
Reported hours sleep. 
Figure 9.6, p.133, shows the average sleep per troop each day. This is comparatively high 
at the beginning of the exercise, 6.5 hours for day 1. It falls to 1.5 hours on day 7. then 
back to 6 hours on day 9, the weekend. Apart from day 7, it does not drop below 3 hours. 
Troop 1 had more sleep than troop 3 on only 3 days, and on day 7 reported an average of 
less than 1 hour of sleep. This reflects the different strategies adopted by the troops. There· 
was no difference between crew positions with respect to this measure. 
Number 0/ reported sleep periods. 
Figure 9.7,p.134, shows the mean number of reported sleep periods for each troop each day. 
Sleep reported for day 1, (more than 6 hours), was taken over relatively few naps. 
Conversely, the same amount of sleep taken on day 9 was split into several naps. Troop 3 
took more naps than troop 1 from day 6 onwards. 
There was no difference between crew positions with respect to the number of sleep periods 
reported. 
Length o/naps. 
Figure 9.8, p.134, reported hours per nap daily for each troop, shows the pattern of sleep 
throughout the exercise. That is, a long sleep at the beginning, breaking, for the remainder 
of the exercise, into a series of naps of 1 or 2 hours duration, determined by the duty 
schedule. 
The length of naps per crew position was similar each day, apart from the first day when 
commanders had shorter naps than other crew members. 
Sleep amount, SU1ll1lUJty 0/ results. 
In summary, by the end of the exercise, all crew had a sleep debt of approximately 40 hours. 
Overall, troop 3 had more sleep than troop 1. After the initial long sleep period for day 1, 
(unbroken for all crew except commanders who had two naps), the sleep pattern for the 
exercise was that of a series of naps, one or two hours long. Apart from day 7, crew took 
more than 3 hours sleep per day. Between one and 2 hours of sleep were taken on day 7, 
but more naps were taken on day 9 to compensate. There was no difference between troops, 
or crew position, in the number, or length of naps. 
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9.4.2.4 Quality of sleep, results. 
Figures 9.9 to 9.14, pp. 135 to 137, show crews' subjective assessment of the quality of their 
sleep each day in terms of 6 descriptive continuums. 
The quality of sleep for all 6 descriptors showed no difference between troops or crew 
positions. The trend was for lighter, worse quality sleep on day 7, leaving crew less 
refreshed and finding it more difficult to get up. From day 7 onwards, crew found it easier 
to get to sleep, they had less broken sleep and heavier recovery sleep around day 10. Crew 
found increasing difficulty in getting up as the exercise progressed. 
In terms of crew positions, the sleep of commanders and gunners was more broken than that 
of loaders and drivers. From day 4 onwards, commanders tended to have lighter sleep than 
other crew. Gunners were the most refreshed on waking and found it easier to get up than 
did other crew. 
9.4.2.5 Workload ratings, results. 
Figures 9.15 to 9.21 pp.139 to 142, show crews' subjective impressions of their workload 
in terms of the 7 descriptive continuums. In summary, day 7, which involved several battles, 
a running replenishment, and only 1 or 2 hours sleep, was considered to be comparatively 
physically exhausting work. 
On day 9, most of which was spent in hides, work was considered easy, light and relaxing. 
Crew felt comparatively idle and with less work overload. Day 9 was a restful day with 
more opportunities for sleep and recovery. This is also reflected in the performance on other 
tests. 
Compared with other crew positions, loaders tended to rate their work as being easier and 
more relaxing, leaving them feeling more idle. Commanders rated their work as more 
interesting than did other crew members. Throughout the exercise crew did not feel 
overloaded in terms of work, in fact these results appear to imply that crew felt they could 
have coped with a higher workload. 
The overall pattern of responses showed no difference between the two troops. 
9.4.2.6 Self assessment: worst part of work, results. 
Camouflaging caused most complaints; there were 43 complaints about this. Lack of sleep 
caused the second highest number of complaints (24), and mosquitos were complained about 
on 13 occasions. The following were mentioned on 7 or fewer occasions: digging in the rain, 
handling ammunition, road marches, fitting a swap sight, track bashing, simfix, NBC black, 
sitting in the gunner's and commander's seats for long periods, wearing uncomfortable 
clothes, and dealing with accidents. 
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9.4.2.7 Rating or own efficiency, results. 
Figure 9.22, p.142, shows crews' rating of their efficiency and Figure 9.23 shows at what 
percent of their best they felt they were performing. 
9.4.3 Microcomputer tests results. 
Number correct was calculated for all tests. Throughput was calculated for 4 choice reaction 
time and vigilance. This is the number correct divided by the cumulative reaction time. It 
gives a combined measure of speed and accuracy. 
9.4.3.1 Digit recall, results. 
Figure 9.24, p.l44, shows the mean number correct for each troop. Performance 
deteriorated after the long road march on day I, and again after a long period of NBC black 
on day 5. The scores for both troops show a similar profile. These data showed no trends. 
Throughput was not analyzed for this test because the response times were long and 
throughput was low. 
9.4.3.2 Four choice reaction time, results. 
Figure 9.25 shows number correct and Figure 9.26 gives throughput. Performance 
deteriorated after the road march in day 1. A quadratic trend was shown in the troop 3 data, 
with an improvement in number correct and throughput, until day 8, followed by a decline 
in performance. Data from troop 1 did not show any trends. 
9.4.3.3 Vigilance, results. 
Number correct refers to true positives. Figure 9.27 shows the mean number correct per 
troop and Figure 9.28, p.147. gives throughput. As there was no difference between troops 
in throughput, it is shown for both troops combined. 
Performance of both troops deteriorated as the exercise progressed, but especially after long 
periods in NBC black with battle attacks, (around day 6), and after night moves (day 11). 
Both troops showed a similar pattern of results, but with troop 1 achieving a higher number 
of correct responses throughout the exercise. There was no difference between measures of 
throughput for both troops, which indicated that reaction times of both troops were similar. 
Therefore troop 3 made more false negative responses (ie, they omitted responses). 
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9.4.3.4 Microcomputer tests, analyses of variance. 
Analyses ofvariances are given in Annex 9.7, p.A-55 and 56. They were carried out on the 
number of correct responses for all 3 tests, as well as on the throughput measures for 4 
choice reaction time, and vigilance. 
All analysis of variance tests showed the performance of subjects within a troop, to be 
significantly different from each other (p < 0.(01). 4 choice reaction time number correct 
was significantly different between troops and sessions (p < 0.05), as was throughput 
(p<0.01). Vigilance test throughput also gave a troop by session interaction (p<0.01). 
All three tests showed significant differences between sessions (p< 0.01). This can be largely 
accounted for by the variations between successive sessions, rather than by a trend in either 
direction. The nature of these changes indicates underlying circadian rhythm effects, which 
are difficult to exclude from the data because the tests were not administered at the same 
times each day. The test timings were determined by the military exercise, and for this 
exercise it was outside the author's control. 
9.4.4 Results of measures of visual fatigue. 
9.4.4.1 Maddox wing test for lateral phoria, results. 
Only one subject was judged to be esophoric, the rest were exophoric. Figure 9.29,p.147, 
shows mean phoria per troop. Analysis of variance tables are given in Annex 9.8, p.A-57. 
These indicate a significant difference between subjects (p<0.001), and between sessions 
(p < 0.00 I). There is no significant difference between the troops and no interaction between 
troops and sessions. Both troops displayed the same magnitude of phoria, and responded 
similarly across the sessions. There was a significant linear upward trend of approximately 
I prism dioptre per 4 days, (3.4 prism dioptres for the full trial). 
9.4.4.2 Near point of convergence, results. 
Figure 9.30, p.148, shows near point of convergence per troop. Troop 3 showed a 
deterioration in near point convergence which peaked during days 8 and 12. Each peak was 
followed by' a slight recovery. 
Reportedly low amounts of sleep on day 7, (less than 2 hours), may have contributed to the 
peak on day 8. A reported average of 7 hours sleep, and light duties on day 9, may have 
helped towards the slight recovery. This was not sufficient to offset the accumulative effects 
of fatigue which caused a peak in deterioration towards the end of day 11. 
Analysis of variances are given in Annex 9.8, p.A-57, these indicated a significant difference 
in scores between subjects (p < 0.(01), and between sessions (p < 0.(01). There was also 
a significant interaction between troops and sessions (p < 0.(01). For both troops there were 
significant linear trends; these were increases of Icm in 12 days for troop I, and 6 cms in 
12 days for troop 3. 
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9.4.4.3 Hand grip strength, results. 
Data from one soldier was omitted from this analysis because he injured his hand. Figure 
9.31 gives mean grip strength per troop. Analyses of variance tables are presented in Annex 
9.9. These indicate a significant difference in strength between subjects and sessions 
(P < 0.001), no difference between the troops in terms of their performance, and no 
interaction between troops and sessions. The results show a significant upward trend of 2 kg 
in 12 days, this is a training effect. 
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9.4.5 Results of measures taken throughout the exercise. 
9.4.5.1 Off tank activity recordings, results. 
95% of crew off tank activities were classified in the following categories. 
Activity Percent time Percent time 
Troop 1 Troop 3 
sleep 25.1 24 
rest 18.4 16.8 
radio and sentry 27 20.4 
APRE tests 12 12 
camouflage/dig 6.2 8.2 
cook/eat 3.3 4.9 
o groups 1.7 2.7 
maintenance 2.4 4.1 
9.4.5.2 Self reported 'in tank' activity logs, results. 
Figures 9.32 to 9.35, pp.150 to 153, show time spent on the 26 main activities per crew 
station. 
The longest reported time for any activity was spent operating the radio. This was done in 
combination with other activities, usually by the commander and loader. The single activity 
carried out for the longest time was surveillance, mainly by gunners. 
Commanders spent the majority of their time doing the following in combination with other 
activities: surveillance, directing the driver, navigating and using the radio. The loader's 
main activities were surveillance and operating the radio. 
Commanders reported over twice as many hours doing the 26 main activities as any other 
crew position. 
9.4.5.3 FIring performance (Simfics), results. 
The number of rounds fired was not recorded directly from the Simfics equipment because 
it reset to zero when it was reloaded. This meant that the crew had to remember the number 
of rounds fired between test sessions. They had to rely on counting spent vent tubes and 
discharged pyrotechnics. This was not a satisfactory or successful way to collect the 
information, consequently there was not enough data for analysis. 
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Codes used in Figures 32 to 3S 
Code Activity 
1 Start up drills 
2 Surveillance 
3 Direct the driver 
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6 Troop control 
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12 Update computer 
13 Test equipment 
14 Maintenance/servicing 
15 Misfire drills 
16 Cooking/eating 
17 Ablutions 
18 Monitor MBC equipment 
19 Loading 
20 Stoppage drills 
21 Restow anununition 
22 Driving, cross country 
23 Driving, road 
24 Auxiliary generator 
25 Main engine (static) 
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9.4.5.4 Radio logs, results. 
These were in the form of written records of radio traffic. They were not analyzed, but used 
to clarify q!!erie.~ concerning activities during the exercise. 
9.4.5.5 Secondary task of light cancellation, results. 
There were technical failures which resulted in the loss of this data. 
9.4.5.6 BATCO, results. 
10 messages were transmitted, all were decoded correctly, and the replies encoded correctly. 
Transmission of further messages was curtailed because use of the radio net became 
impractical, radio silence was observed during times when it had been planned to send test 
messages. Use of the radio at other times by APRE had to be minimised in the interests of 
exercise realism. It was decided that this measure should be withdrawn from the programme. 
9.5 DISCUSSION. 
9.5.1 General points. 
9.5.1.1 . Troops adopted different strategies to cope with fatigue. 
As expected, there were few measurable differences between the troops in terms of 
performance tests. However, it was noted that one troop (troop 1) appeared to adopt a 
strategy of resting at the expense of good military performance. This troop was less militarily 
efficient and less meticulous at carrying out hide drills compared with troop 3. As a result, 
the crews were seen to achieve a little more rest than did troop 3 crews. This was reflected 
in the near point of convergence scores. 
Crew from troop 1 exhibited less recession of their near point of convergence. They also 
demonstrated consistent differences from troop 3 in terms of greater lateral phoria and a 
higher number correct on the vigilance task. 
Baseline measures of near point of convergence did not differ between troops, but during the 
exercise there was a difference between the troops which increased as fatigue increased. 
These facts indicate that troop 1 was less visually fatigued than troop 3 in terms of near point 
of convergence. 
9.5.1.2 The need for matched troops. 
Differences in vigilance scores and measures of visual fatigue were present at baseline and 
were therefore considered to indicate that the troops were not matched in terms of these 
characteristics. The differences were not caused by the demands imposed by the exercise. 
The fact that subject numbers are small and will be even smaller for Enduras 2 and 3 means 
that troops should be as well matched as possible. Otherwise differences in troop responses 
could be masked by differences in subjects. To be scientifically balanced, Enduras 2 and 3 
should use the same troops with their roles reversed in each exercise. This would then be 
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a repeated measures design with each troop's performance compared between the two 
operating conditions. 
9.5.1.3 The need ror a military assessment or erew military perrormance. The scientific 
monitors could see that the troops had adopted differing strategies to cope with fatigue. 
Troops were aware that their personal performance was being measured during the test 
sessions. They were also aware that their military performance was not closely monitored 
by the army. They knew that fatigue could influence their test scores, therefore the crews 
of troop 1 were motivated to perform well on the tests at the expense of their military 
efficiency. Troop 3 continued to keep their military efficiency at an acceptable level. 
Motivating crew to perform the tests was identified as being a problem early in the 
development of the test battery. In motivating crew to perform the tests, military 
performance had been affected. A comprehensive and successful battery oftests should show 
enough aspects of performance change to identify and quantify differences and changes in 
crew performance strategies. 
The problem with Endura 1 was that there was no quantification of military performance. 
As it would not be acceptable for civilian staff to evaluate military performance, this 
highlights the need for military monitors to be permanently attached to the scientific monitor 
teams. 
9.5.1.4 The problem with test sessions being held 'every 8 hours'. 
It had been specified that test sessions should be held every 8 hours. This specification was 
made during the plarming stage of the exercise. Once the exercise was underway, very little 
influence from the scientific community was allowed in terms of exercise activities. 
When the exercise was in progress, the pre-plarmed timings of military activities became 
continually modified, This was because the real length of time needed to achieve activities 
could not be accurately guessed in the plan. Changes in timings for one activity caused a 
'knock on' effect on subsequent activities. Therefore timing differences increased in 
magnitude each day. This meant that if one test session had been delayed by 1 hour for 
example, the rest of the scheduled test times were shifted by 1 hour. If the next session was 
delayed by 30 minutes, the rest of the schedule now became 1 hour and 30 minutes delayed. 
The specification of test sessions every 8 hours became a 'rolling' 8 hours, with gaps of 
approximately 8 hours between sessions. This was not what had been pi armed or intended. 
It was intended that test sessions should take place at the same times of dayl As a result of 
variations in the times of day at which sessions took place, it was felt that the circadian effect 
made the data unnecessarily noisy. As the circadian effect was known to be 20% on some 
measures, it may have even masked trends in the data. 
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9.5.2 Recovery measures, discussion. 
In terms of measures to be made for this study, it would have been desirable to have followed 
Lie exercise wit.!J a rec.overy period during which recovery performance could be monitored. 
Unfortunately the reality of running a military exercise of this size and expenditure was such 
that recovery measurements were impossible to timetable into the proceedings. However, the 
military did agree that recovery measures could be made in the 3/4 man comparison exercise. 
The fact of no recovery test data for this first exercise was a disappointment from the 
scientific point of view, because it made it more difficult to quantify training effects. It also 
eliminated the possibility of examining the recovery performance curve to make inferences 
concerning any observed effects of the military exercise, on performance. 
9.5.3 Pre/post exercise physiological measures, discussion. 
Weight loss of both troops during the exercise was caused by loss of body fat. The increase 
in upper body anaerobic peak power for the crews of troop 3 was deemed to indicate that they 
had worked harder during the exercise. The lack of change in either troop's lower body 
anaerobic capacity showed that there were no changes in the levels of lower body activity 
during the exercise. APRE physiology section pointed out that the results show that the price 
paid for an increased ability to work more quickly (the anaerobic component) is that strength 
is reduced in the short term. For example, a crewman could rapidly load, restow or 
replenish, but would tire fairly quickly when trench digging. 
9.5.4 Pre/post exercise questionnaire, discussion. 
The results of this questionnaire were mainly used to help with interpretation of the other 
data. It was felt that the questionnaire had been effective in giving the information needed 
to clarify other data. Apart from the addition of questions concerning 3 man crew troops, 
it was decided that it needed little modification for use in the future exercises. In general 
there were no surprises, although the following points which arose from the questionnaire are 
worthy of note. 
It had been anticipated in advance of the exercise, that there would be problems with 
motivating the crew to perform test sessions during the exercise. This appears not to have 
been the case. The lack of adverse response to the test sessions also confirmed that this was 
not the case. This removes the pressure to provide a prize as an incentive to crew in the next 
Endura exercises. 
Crew mentioned that it was unclear when they should have returned to the exercise after 
completion of the tests. During the next Endura exercises it needs to be made clear when the 
crew should return to being tactical following the test sessions. 
The lack of maintenance and servicing had already been noted by the Royal Engineers. 
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9.5.5 Stress, arousal checklist, discussion. 
The results of this measure, arousal in particular, are affected by the time of day. The fact 
t.'lat t.':le measuring sessioraS did not happen at the SlL'!le times each day mea.'!t the-se data were 
noisy and the measure was less sensitive than it should have been. Hopefully these problems 
will be eliminated in Enduras 2 and 3 if the test times are the same each day. It would also 
be necessary to take body temperature measures of the crew to see whether their circadian 
cycles become altered by their erratic sleep regimes. 
There are other measures of mood and sleepiness levels. It was decided that a comparison 
should be made of the stress arousal checklist with other mood scales during a further sleep 
loss trial. This would ensure that the most sensitive and appropriate measures would be used 
in Enduras 2 and 3. 
The meanings of the categories '+ +, +, ? and .' may be relatively clear to refreshed 
soldiers, but sleep deprivation and general fatigue caused soldiers to temporarily forget the 
meanings of the categories. This did not pose any problems during Endura 1 because the 
scientific monitors were there to remind them. It would be preferable for more obvious 
categories to be presented during Enduras 2 and 3. It was therefore determined to change 
the category headers to 'definitely feel, feel, not sure and don't feel' for future exercises. 
9.5.6 Amount and quality of sleep, discussion. 
In terms of past experiments on the effects of sleep deprivation on performance, (Haslam 
1977, 1978, 1981, 1983 and 1983), crew had adequate sleep to function physically and 
mentally on this exercise. 
Only day 7 could be considered to have incurred sufficient sleep deprivation to affect 
performance. This was closely followed on day 9 by enough sleep to produce an expected 
recovery in performance levels. 
Although the question concerning sleep quality has proved to be useful on past military 
exercises, (Farmer and Feggetter 1981), 3 of the 6 descriptors showed no difference in results 
between crew positions or troops. For the next military field exercise, this question could 
be reduced to 3 descriptor continuums. These would be broken/unbroken sleep, heavyllight 
sleep, and wake up tired/refreshed. 
9.5.7 Workload ratings, discussion. 
A cross check between crews' workload ratings with the exercise activities showed that the 
workload as perceived by the crews agreed with the expected exercise demands. This was 
with appropriate assessment for load and busy periods compared with easy relaxed periods. 
9.5.8 Self assessment, discnssion. 
This would have been more useful if it had been administered at every test session, then the 
results could be related to the other measures. The question asking crew at what percent of 
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efficiency they were performing needs clarification for the crewmen concerning the standard 
of efficiency against which they should judge their performance. The questions on this topic 
need modifjing for clarity. The modified version of the percent efficiency question should 
be used during a sleep loss experiment. This will show whether soldiers are able to respond 
to the question and assess their own performance during periods when they are fatigued and 
sleep deprived. 
9.5.9 Microcomputer tests, discussion. 
Trends in the 4 choice and vigilance tests indicated that the soldiers' performance was 
declining as the exercise progressed, probably a result of increasing fatigue effects. One of 
the effects of fatigue on performance is to produce a few response times which are much 
longer than normal. That is, gaps in responses. The way in which response time data was 
collected from these tests did not allow for analysis of these gaps in responses. It was felt 
that response times of over 1 second should be recorded as gaps in the next military exercise. 
(Ideally it was felt that a gap should be defined in terms of plus 2.5 standard deviations of 
the mean, but this caused problems with programming for data calculation as the tests 
progressed). 
When carrying out the vigilance test, soldiers occasionally pressed the 3 key for too long. 
When that occurred, it was recorded as a response every time a new stimulus number was 
presented, and the next number was presented almost immediately. This resulted in an 
increase of false positives. It should be rectified by a software 'debounce' routine, or the 
generation of a 'beep' to give audible feedback. Failing that, consideration should be given 
to replacing the test with a different test. 
The digit recall test was not seen to be a great success because of the short time available to 
carry out the test, coupled with the long response times. This meant a low throughput and 
less than optimum sensitivity. It was felt that consideration should be given to finding a more 
sensitive and suitable replacement test. 
When selecting tests for use on soldiers who may be fatigued and suffering the effects of 
sleep loss, the following must be considered. There is a limit of only a few minutes in which 
to carry out the tests during the Endura exercises. Short tests tend to be less sensitive to 
fatigue effects because the stimulus of the novelty of beginning a new test can mask the 
fatigue effects on performance. It may be that the last few minutes of performance would 
provide the most sensitive measures. For this reason, it was determined to compare a wider 
battery of computer tests during a sleep deprivation experiment. It was also decided that an 
attempt would be made to programme the computers such that it would be possible to 
examine performance at intervals of one minute throughout the tests. This would indicate 
which portions of the results should be analyzed for maximum sensitivity. 
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As noted previously, the data is unnecessarily noisy because of circadian effects. It was felt 
important that during the next exercise, pressure should be brought to bear on the military 
to allow testing sessions at the same times each day. 
9.5.10 Visual fatigue measures, discussion. 
9.5.10.1 Maddox Wing test, discussion. 
It would appear from the short questionnaires that subjects found day 9 to be comparatively 
restful in terms of workload and with a reported average of 7 hours sleep, this could explain 
the slight reduction in lateral phoria shown by troop 3 in day 9. 
Examination of the data revealed that it was easy for subjects to give their results in such a 
way as to be unclear whether the deviation was eso or exophoric. They could do this by 
being extra helpful and interpolating between the numbers on the scale, instead of giving the 
displayed number closest to the position of the white arrow. Because of this, the above 
analysis was only carried out on data that had obviously not been compromised by 
interpolation. Therefore data from 8 subjects was omitted. 
In order to stop this from happening in the next military trial, it was decided that the Maddox 
wing scales of eso and exophoria should be differentiated. One way would be to colour code 
them. Unfortunately the lighting in the tanks was not conducive to using this technique. 
Therefore it was recommended to differentially underline the scales, perhaps with continuous 
and striped underlines. 
Any modifications to the test would have to be trialled before being used in Enduras 2 and 
3. 
9.5.10.2 RAF near point rule test for near point of convergence, discussion. 
Troop 1 scores had a standard deviation of 1.27, troop 3, of 3.71. This was the only 
measure to give such a difference in terms of variances between troops, as well as a 
significant interaction between troop and session. 
Changes on near point convergence are probably caused by fatigue and affected by eyesight 
characteristics and age. Soldiers did not have their vision tested before the exercise, and the 
resulting difference in variances between troop scores may be partly accounted for by an 
existing difference in age and visual characteristics between the troops. Future use of this test 
as a comparison between troops would be more val id if the troops were balanced in terms of 
eyesight characteristics and age. This means screening soldiers for vision and age before 
allocating them to their troops. 
It was noted that some soldiers had a near point of convergence of less than 6 cms, or greater 
than 30 crns. This meant they did not register on the scale, the practical effect of this 
reduced the sample size. In terms of data analysis, subject numbers were already relatively 
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small (24 soldiers for this military exercise, and only 21 for the next one which compares 3 
and 4 man crew troops). 
Although this measure is shown to be sensitive to fatigue in terms of score variance, it was 
determined to reassess the use of this measure for the next military exercise. It was therefore 
planned to use it in a further sleep loss trial. 
9.5.11 Hand grip measures, discussion. 
Towards the end of day 8, grip strength dropped slightly and recovered from day 9 onwards. 
The decline in strength was caused by the fact that soldiers had an average of less than 2 
hours sleep reported for day 7, and less than 4 hours on day 8. Recovery was occasioned 
by an increase in sleep and the undemanding work schedule of day 9. 
The data showed a progressive increase of hand grip strength as the exercise progressed. This 
was a training effect which would have been easier to quantify if the exercise had allowed 
recovery measures. It is therefore recommended that Enduras 2 and 3 should be preceded 
by more training sessions in an attempt to bring the grip strengths nearer plateaux values 
before the exercises begin. Also recovery measures should be included to enable the training 
effect to be quantified and removed from the data. 
It was noted that the grip strength values were high, as would be expected in these specific 
circumstances; the subjects being fit young males who had practised hand grips three times 
a day for nearly 3 weeks. It was also noted that in the dim confines of a tank turret, it would 
be possible for crew to cheat at this measure without the scientific monitor seeing. 
There are several different wrist positions quoted for measurement of hand grip strength. The 
neutral wrist position used for Endura 1 was known to be physically easy to perform 
compared with the supine wrist position. However it was felt that a further investigation 
should be made comparing results from the neutral and supine wrist positions. This would 
be to discover which position gives results that are most sensitive to fatigue and least 
vulnerable to cheating. 
9.5.12 Discussion or measures made throughout the exercise. 
9.5.12.1 Off tank activity measures, discussion. 
The use of cards for scientific monitors to mark activities was not satisfactory. The cards 
became dirty and were not easy to complete. As a result data was lost because errors of 
completion occurred. A computer progranune was to be evolved for use as a data collection 
facility to replace the off tank activity monitoring cards. As noted in the introduction, this 
measure was being developed by a colleague. 
It was also noted that data was not gathered when the scientific monitors lost sight of the 
troops. This happened several times when the vehicle carrying the monitors broke down. 
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It was proposed that a reserve vehicle should be available for the monitoring teams for use 
in the event of breakdowns. 
In order to eliminate the possibility of bias monitoring, the monitor teams should alternate 
between troops in future exercises. 
The monitor teams should be each joined by a Royal Armoured Corps representative who 
would be in a position to answer any queries about what the crew were doing, also to record 
whether tasks were being carried out according to correct military procedures. 
9.5.12.2 Self reported 'in tank' activity logs, discussion. 
Data analysis was time consuming, in particular the coding of cards, which was done as the 
exercise progressed. For the next military exercise, it was proposed to change the 
presentation of this questionnaire, to eliminate the need for coding in the field. Also, the 
layout would be simplified to facilitate initial data summation as the exercise progresses. 
Crew will be asked to complete this log during the half hour measuring periods. This will 
allow for 'on the spot' checking by monitors, and decrease the amount of missing data. 
It was proposed to substitute a single version of the activity log for all crew positions in the 
next exercise, instead of having a version for each crew position. This is because it is not 
clear in advance of the next exercise exactly which crew will complete which tasks within the 
3 man crew troop. It will also allow for greater flexibility when crew members temporarily 
change their crew stations. 
9.5.12.3 FIring performance (Simfics), discussion. 
Although this measure was a failure in Endura I, it could potentially provide the definitive 
measure of firing performance in future exercises. Therefore it was decided to persevere and 
provide some form of electronic count of firing performance. This was outside the control 
of the author and was developed by the APRE Electronic Support Section. 
9.5.12.4 Secondary task of light cancellation, discussion. 
Technical problems had caused loss of this data. There were no other measures of team 
response times available and this was seen as a particularly suitable task because it 
approximated to the type of tasks that crew would normally have to carry out. Therefore it 
was recommended that the lights should be repositioned and modified, and that development 
of the equipment should continue for use in Enduras 2 and 3. 
9.5.12.5 BATCO, discussion. 
This measure was a failure because it was shown to be impractical to use the radio net for 
scientific measures during an exercise. However, there still remained the need to monitor the 
encoding abilities of the crew because it could be an important part of crew operations. It 
was also known to be vulnerable to the effects of fatigue. 
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9.6 CONCLUSIONS 
9.6.1 The exercise, conclusions. 
In general the exercise was a success. It achieved its aims of exercising all aspects of the 
extended scenario as well as the control, monitoring and supporting organisation in 
preparation for Enduras 2 and 3. This enabled the proposed measures to be examined in a 
military field exercise and their strengths and weaknesses to be observed. It highlighted the 
modifications and additions that needed to be made to the package of measures; it also 
enabled these to be planned in the light of knowledge of the exercise reality. 
9.6.2 Differences between troops. 
The performance measures revealed no differences between the troops. That is except in their 
strategies for coping with fatigue, military duties and performance measures, their ability to 
perform the vigilance test, and possibly, in physical aspects which influence their eyesight 
characteristics. 
9.6.3 Performance change with time. 
Performance declined for both troops as the exercise progressed, less so for troop 1. 
9.6.4 Performance strategies. 
Physiological and visual fatigue measures indicated that troop 3 worked harder and became 
more physically fatigued than troop 1. Observations of military activities led to the assertion 
that troop 1 had achieved more rest than troop 3 at the expense of their military duties. 
Consequently, it was determined that the battery of performance measures needed a 
quantification of military efficiency in order to show such performance strategies. For this 
to be a credible measure, it would have to be scored by the army. 
9.6.5 Test session times. 
Timing of the test sessions was determined by the exercise activities and not anchored to 
times of day. This had not been anticipated and once the exercise began, could not be 
altered. It resulted in the data being confounded by the time of day effects on performance, 
resulting in data of reduced sensitivity. 
These test sessions should be held at the same times each day and should ideally coincide with 
peaks, plateaux and troughs in the circadian body temperature cycle. Measures of body 
temperature are also needed to give an indication as to whether crew circadian cycles have 
become disrupted. 
9.6.6 The measures, conclusions. 
The measures were generally successful and the majority should remain unchanged for 
Enduras 2 and 3. However, weaknesses were identified and the following measures need 
further examination or modification. 
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9.6.6.1 Prelpost exercise questionnaire, conclusions. 
For Enduras 2 and 3, the pre/post exercise questionnaire will need additional questions 
relevant to 3 man crews 3..9}d the comparison benveen 3 !.'ld 4 ma..'1 crews. 
9.6.6.2 Stress arousal checklist, conclusions. 
The stress arousal checklist sensitivity was diminished by the time of day effect. Also the 
headers of '++,+,7 and -' did not have sufficiently obvious meanings for them to be 
remembered by sleep deprived crew. Headings with clearer meanings are needed. 
9.6.6.3 Sleep quality, conclusions. 
The measure of sleep quality included more descriptors than required and should be 
simplified. 
9.6.6.4 Assessment of own performance, conclusions. 
The questions asking crew to assess their own performance levels could not be related to the 
other measures because they were only inserted on alternate days. The presentation of these 
questions could be improved if they were added to the cards of other subjective measures and 
given at every test session. The percent efficiency assessment question should be clarified 
to indicate the standard against which performance is being assessed. 
9.6.6.5 Microcomputer tests, conclusions. 
The microcomputer test of vigilance presented the problem of soldiers depressing one key for 
too long. The test of digit recall resulted in long response times and throughput too low for 
analysis. It was decided that the choice of microcomputer tests should be re-examined to 
find those most sensitive to fatigue. This would have to be done bearing in mind the fact that 
the resulting test battery should include tests to examine the cognitive psychomotor 
functioning required of a variety of crew tasks. 
9.6.6.6 Visual fatigue and handgrip, conclusions. 
The presentation of the visual fatigue and handgrip measures was also in need of further 
examination. Crew interpolated readings on the Maddox wing device, thereby rendering it 
difficult to determine whether they were eso or exo phoric. It was felt that a slight 
modification to the underlining of the scale would solve this problem. It was recommended 
that alternative hand positions should be compared for the hand grip test. This would 
determine the most suitable mode of presentation for maximum sensitivity and minimum 
cheating. 
9.6.6.7 Off tank activity recording, conclusions. 
The off tank activity recordings suffered a loss of data when the vehicles carrying the 
scientific monitors broke down causing the monitors to lose visual contact with the troops. 
This identified the need for a reserve vehicle for the monitors. Also the cards used to record 
the data were not easy to complete. This problem would be eliminated with the planned 
introduction of microcomputers for recording off tank activities. 
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9.6.6.8 In tank activity logs, conclusions. 
The self reported 'in tank' activity logs had been deSigned to give a different list of activities 
for each crew station. The results of this showed the major tasks of each crew station. This 
was to enable a suitable single activity log proforma to be produced for use with all the crew 
stations. This would be necessary for Enduras 2 and 3 where the distribution of tasks 
between crew stations would differ between 3 and 4 man crews, but a single measure is 
needed across both troops. 
9.6.6.9 BATCO, conclusions. 
It was impractical to use the radio net for insertion of tasks and the BATCO measure was 
severely curtailed. It was recommended not to include the BATCO measure in Enduras 2 and 
3. 
9.6.6.10 Simfics and secondary task or light cancellation, conclusions. 
Measures of simfics firing activities and the secondary task of light cancellation suffered 
. technical problems and rendered no data. However, it was felt that the measures were 
potentially important and that technical development should continue. 
9.7 RECOMMENDATIONS. 
9.7.1 General recommendations concerning the organization or Enduras 2 and 3. 
i) The two player troops should be matched pairs. 
ii) Sufficient training, baseline and recovery days must be programmed around the exercises. 
Hi) The test sessions should take place at 0400, 1200 and 2000 hours daily. 
iv) A reserve vehicle should be available for the scientific monitors for use in emergencies 
and in case of breakdowns. 
v) Royal Armoured Corps personnel should accompany the scientific monitor teams. 
9.7.2 Recommendations concerning measures. 
9.7.2.1 Additional measures. 
i) The author should develop a proforma for the Royal Armoured Corps personnel to use, 
to quantify the military efficiency of the crews throughout the exercises. 
ii) Measures of body temperature should be included in the test sessions. 
9.7.2.2 Measures to be withdrawn. 
i) The BATCO measure should be withdrawn. 
ii) Self assessment questionnaires presented on alternate days should be withdrawn. 
Measures of self assessment should be incorporated into the test sessions held 3 times daily. 
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9.7.2.3 Measures for continued development. 
i) There should be continued technical development of the simfics measure of firing 
activities, and the secondary task of light cancellation. 
ii) The following measures should be re-examined during a sleep loss trial: 
Measures of visual fatigue, to trial modifications and 
methods of carrying out the measures; hand grip strength 
test, to compare hand positions for minimising opportunities 
to cheat; stress arousal checklist, to compare it with other 
mood scales for sensitivity and appropriateness to the 
exercise; microcomputer tests, a complete set to be re-
examined for sensitivity to sleep loss, time on task to be 
examined by taking scores at intervals of 1 minute; soldier's 
assessment of own efficiency, to clarify presentation of the 
question. 
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10.1 INTRODUCTION 
10.11 Aims of this chapter. 
CHAPTER 10 
SLEEP WSS TRIAL 2. 
To re-examine a number of the tests and measures used during the first military exercise and 
to recommend those most suitable for use during the second military exercise. 
10.1.2 Background 
As a result of exercise Endura 1, it was recommended that the following performance 
measures should be re-examined during a sleep loss trial: measures of visual fatigue; hand 
grip strength; stress arousal checklist and other mood scales, self assessment of performance 
efficiency and a range of microcomputer tests. This was to ensure that the most sensitive and 
appropriate measures were produced for implementation into Enduras 2 and 3., 
Sleep loss trials are expensive to carry out, as well as being labour intensive in terms of 
staffing, also the timetable of suitable military personnel available for such trials is severely 
limited. For economy and expedience, therefore, the author incorporated the above measures 
into an APRE sleep loss trial. 
This chapter outlines the input of the measures into the sleep loss trial and the subsequent 
recommendations regarding the test battery for Enduras 2 and 3. 
10.2 AIMS 
To examine the following measures in a sleep deprivation trial in order to assess the most 
appropriate versions for use on Enduras 2 and 3: 
i) measures of visual fatigue, to trial modifications and methods of carrying out the 
measures; 
ii) hand grip strength test, to compare hand positions for minimising opportunities 
to cheat; 
iii) stress arousal checklist, to compare it with other mood scales for sensitivity and 
appropriateness to the exercises; 
iv) microcomputer tests, a complete set to be re-examined for sensitivity to sleep 
loss, time on task to be examined by taking scores at intervals of 1 minute; 
v) soldiers' assessment of their own efficiency, to clarify the presentation of the 
question. 
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10.3 METHOD. 
10.3.1 Method for the trial. 
10.3.1.1 Design. 
The trial consisted of 2 baseline days each preceded by 7 hours sleep, 3 experimental days 
with no sleep and 2 recovery days each preceded by 7 hours sleep. This was followed by a 
half day of debriefmg. During the sleep deprivation phase, soldiers were without sleep for 
89 hours. 
10.3.1.2 Subjects. 
17 volunteer soldiers took part in this trial. Their ages ranged from 19 to 30 years and 
averaged 23 years. Their visual acuity was good with scores ranging from 6.4 to 6.75 
measured on a Snellen's chart. 
10.3.1.3 Trials procedures. 
Each day, mood scales were given at 0930 and 2130 hours, vision and hand grip tests 
together at 1030 and 2230 hours and microcomputer tests at 1230 and 1730 hours. Meal 
breaks were given at 0800, 1200, 1700 and 2345 hours. Further tests and military activities 
accounted for the remainder of the time apart from baseline and recovery days when sleep 
was scheduled from midnight until 0700 hours. 
10.3.1.4 Training. 
During the 4 days preceding the trial, soldiers were given 8 training sessions on the 
performance measures. 
10.3.1.5 Motivation of the soldiers. 
Soldiers were asked to consider that they were in competition with each other with regard to 
the performance tests. 
10.3.2 Procedures for measures incorporated into the trial on behalf of the Endura 
exercises. 
10.3.2.1 Measures for visual fatigue, procedures. 
Measures of visual fatigue were not only required during this trial on behalf of the Endura 
exercises, they were also required by Dr Haslam as part of the trial proper. Therefore Dr 
Haslam took responsibility for these measures and they are reported more fully in Haslam 
(1987). Near point of convergence was measured using an unmodified RAF near point rule. 
The procedure was the same as described for Endura 1 (chapter 9 of this thesis). 
Lateral phoria was measured with the Maddox wing device modified with differentiated 
underlining for eso and exo phoria. The test was administered in a slightly different manner 
from that used for Endura 1. The soldier held the wing, looked through the eye slits and 
reported the number to which the white arrow appeared to point. 
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10.3.2.2 Measures for hand grip strength, procedures. 
Two wrist positions were compared, neutral, as described for Endura 1 (chapter 9 of this 
thesis), and supine. The arm position and test procedures were as described for Endura 1. 
Soldiers alternated which wrist position they used flfst. They were closely observed to 
discover whether either position favoured cheating. 
10.3.2.3 Stress arousal checklist, procedures. 
The stress arousal checklist was presented on A4 sheets with headers of definitely feel, feel, 
not sure and don't feel replacing the • + +, +, ? and .' symbols. It was compared with the 
Profile of Mood States (POMS), the Stanford Sleepiness Scale (SSS) and the Naval 
Psychiatric Research Unit (NPRU) mood + ,. scale. In all cases the soldiers marked their 
responses to lists of adjectives according to how they felt at the time. 
10.3.2.4 Microcomputer tests, procedures. 
The following tests were presented on Husky Hunter microcomputers in random order. 
Two letter search, 6 letter search, addition, logical reasoning, digit recall, 4 choice 
reaction time, vigilance and pattern recognition. These tests are described in Chapter 
8 of this thesis. 
Two additional tests were included as follows: 
Code substitution, a test of associative learning and perceptual speed. 9 digits paired 
with 9 letters of the alphabet were displayed at the top of the screen. One of the 
above digits also appeared in the centre of the screen and the soldier had to enter its 
designated paired letter. His response initiated the display of a new digit. The task 
lasted 5 minutes and was self paced. It was adapted from the Digit Symbol 
Substitution Test in Wechsler's Adult Intelligence Scale (WAIS), Wechsler, (1958). 
Digit span, a test of short term recall, which consists of 2 parts. 
Part 1 determined the soldier's digit span. A string of digits was presented on the 
screen, singly, at the rate of one per second. A '7' prompt indicated that the soldier 
had to respond by entering the digits on the keyboard. The length of the first 2 
strings was 5 digits, a correct response increased the next presentation string to 6 
digits; an incorrect response decreased the next presentation string to 4 digits. The 
soldier's digit span length was reacbed when he had recalled correctly 2 strings of the 
same length, then failed to recall a greater string length. 
Part 2 presented digit strings of the soldier's digit span and the soldier had to key in 
the digits in the correct order. The task lasted 5 minutes. This task was adapted 
from the Digit Span Test in WIAS. 
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Self assessment. 
Soldiers were asked to indicate on a 100 mm line their overall efficiency as a percentage of 
their efficiency on baseline days. The line was marked at intervals of lOmms. 
10.4 RESULTS 
10.4.1 Visual fatigue, results. 
10.4.1.1 Near point of convergence, (Figure 10.1) 
7 of the soldiers gave readings of less than 6 cms which was the lowest measure on the scale. 
The changes in near point of convergence were within normal limits for the population, apart 
from 2 soldiers who exhibited excessive recession. Statistical analysis was not carried out on 
these data. 
10.4.1.2 Lateral phoria, (Figure 10.2) 
. 3 of the soldiers showed no change in lateral phoria. The remaining soldiers showed a slight 
increase in exophoria as fatigue increased, but it remained within normal limits. Statistical 
analysis was not carried out on this data. 
10.4.2 Hand grip, results. 
Figure 10.3 compares neutral and supine wrist position scores. The training effect was 
marked throughout the trial; it began later for the supine position because the supine position 
was not trained during the first 4 days. The training effect masked the fatigue effects of the 
sleep loss days. With the training effect removed there was a significant reduction of grip 
strength during the experimental days compared with baseline (p < 0.05). 
10.4.3 Stress arousal check list, POMS, SSS and the NPRU mood + 1- scale, results 
Results are given in Figures lOA to 10.8. The POMS took 7 minutes to complete compared 
with 2 to 3 minutes for completion of each of the other scales. 
Analyses of variances showed significant changes from baseline for the experimental days on 
all 4 checklist scales (p<0.001 in all cases). Correlations between the checklists were 
calculated, they varied from day to day with no consistent pattern. POMS scores are reported 
in detail in Haslam (1987). 
10.4.4 Microcomputer tests, results. 
A software problem manifested during the training sessions. This resulted in the loss of 
ability to record performance at one minute intervals throughout the tests and thereby 
rendered it impossible to examine performance in conjunction with time on task. All results 
refer to performance for the complete tests. 
Figures 10.9 to 10.19 show the means for the number correct for each of the tests. Analyses 
of variance showed performance to be significantly worse on the sleep loss days than on 
baseline or recovery days (p<O.ool in all cases). 
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Throughput was calculated for all tests (the number of correct responses divided by the 
cumulative reaction time). Correlations were calculated for throughput and number correct; 
for all tests except vigilance and pattern recognition, r>0.9. 
Table 10.1 Performance change, Sleeploss, Baseline and Recovery days. 
Test Sleeploss days as a percent of Baseline versus Recovery 
Baseline 
Two letter search 66.7% NSD 
Six letter search 57.3% NSD 
Addition 54.0% NSD 
Logical reasoning 47.5% P~O.OI (performance worse 
on Recovery.) 
Digit recall 50.5% NSD 
Four choice reaction time 49.3% P<: 0.01 (performance worse 
on Recovery.) 
Vigilance 40.8% P<: 0.01 (performance worse 
c on Recovery.) 
Pattern recognition 74.2% NSD 
Code substitution 45.9% P<'O.OI 
Digit span 56.1% P'::'0.05 (performance worse 
on Recovery for afternoon 
sessions only.) 
Overall mean 54.2% 
10.4.5 Self assessment, results. 
Figure 10.20 shows the soldiers' assessment of their own performance compared with 
baseline. They rated their performance on baseline days as 100% and significantly lower on 
the experimental days than on baseline or recovery days (p<0.00I). Scores on the second 
recovery day were higher than on the first, indicating only partial recovery. The results were 
similar to those of the objective measures of performance, dropping to approximately 50% 
during the sleep loss days. 
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10.5 DISCUSSION. 
10.5.1 Measures of visual fatigue, discussion. 
Near point of convergence receded by 4 cms for the majority of the soldiers during the sleep 
loss phase of the trial. Approximately 40% of the soldiers gave readings of less than 6 cms. 
Serious consideration was needed as to whether to include this in the Endura 2 package of 
measures. A measure of visual fatigue was needed, and the near point of convergence had 
shown itself to change with sleep deprivation, more so than the near point of accommodation, 
Haslam (1987). It was therefore determined that this measure was to continue to be included 
in the Endura package, but that the scale should be scored to 4 cms from the eyes. 
The scores for lateral phoria showed only 4 possible instances where interpolations could have 
occurred. Therefore it was decided to keep the differential underlining for Enduras 2 and 3. 
The method of administering the test during this trial was a few seconds quicker than the 
method used during Endura 1, but in view of the results, the APRE consultant optometrist 
felt that it had rendered the measure less sensitive. It was therefore recommended to use the 
Endura 1 procedure for administering this test during Enduras 2 and 3. 
10.5.2 Hand grip strength, discussion. 
It was observed that when using the supine wrist position, the soldiers were able to contort 
their bodies such that the wrist eventually was twisted (with respect to the body) into the 
neutral position. There was no significant difference between the scores given by these two 
positions, but in view of the above observation, it was decided to maintain the neutral wrist 
position for Enduras 2 and 3. Either extra training sessions would be needed to reduce the 
training effect, or it would have to be removed from the data. 
10.5.3 Stress arousal check list, POMS, SSS and the NPRU mood + /. scale, discussion. 
In terms of measures for Enduras 2 and 3, the POMS had to be rejected because it took too 
long to complete; 7 minutes when the soldiers were refreshed, and longer when they were 
fatigued. The tests were all sensitive to sleep loss, showing significant correlations which 
varied throughout the trial and disappeared on occasions. This is because they measure 
similar functions and there may be overlap between the functions, but they do not all measure 
the same functions. Although the NPRU and SSS scales were quicker. and easier to 
administer, they were not more sensitive to sleep loss than the stress arousal check list and 
they were more limited in the functions which they examined. Therefore it was determined 
to be inappropriate to insert the NPRU mood scale, or the SSS as substitutes for the stress 
arousal check lists. 
10.5.4 Microcomputer tests, discussion. 
It was unfortunate that the ability to examine performance each minute was lost. It would 
have enabled decisions concerning the optimum test lengths for sensitivity and consideration 
of the need for keeping them short. It would have also provided information concerning the 
effects of fatigue in relation to time on task for each test. 
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In terms of tests for use on Enduras 2 and 3, the test battery had to not only be sensitive, but 
also had to test the underlying cognitive psychomotor processes common to tank crew tasks, 
especially those of the commander. 
With respect to sensitivity, the first 6 most eligible tests were: vigilance, code substitution, 
logical reasoning, 4 choice reaction time, digit recall and addition. Vigilance and digit recall 
had already presented problems in Endura 1 (the limited ability to supervise soldiers in the 
vehicle had meant that soldiers could hold down the target designated key during the vigilance 
task, and responses to digit recall became so long that there was barely enough data for 
analysis). Logical reasoning was considered to be less representative of the commonly used 
cognitive processes in tank crew tasks, compared with addition. It was therefore determined 
that tests of code substitution, 4 choice reaction and addition should be used in Enduras 2 and 
3. 
10.5.5 Self assessment, discussion. 
The results of the self assessment measure indicated that soldiers who were sleep deprived 
were able to assess their own current performance against baseline. Therefore it was 
recommended that baseline performance should be used as the assessment standard for self 
assessment in Enduras 2 and 3. 
10.6 CONCLUSIONS AND RECOMMENDATIONS. 
i) Apart from examining performance with respect to time on task, this trial achieved all the 
aims. 
ii) Visual fatigue. 
40% of the soldiers gave near point of convergence readings that were smaller than the value 
at the beginning of the RAF near point rule scale (6 cms). As this measure is to be used in 
Enduras 2 and 3, it was recommended that the above should be anticipated and rather than 
lose data, readings of 4 cms should be recorded. 
iii) Maddox wing. 
The differential underlining reduced interpolations and consequent loss of data. The 
instructions used during this trial speeded administration, but were deemed to have rendered 
the test less sensitive than those used on Endura 1. It was recommended to use the 
differential underlining and the Endura 1 instructions for use. 
iv) Hand grip. 
The supine hand position was more difficult to control in terms of cheating, than the neutral 
wrist position. Therefore it was recommended to use the Endura 1 neutral wrist position for 
Enduras 2 and 3. Also the training effect should be anticipated with the introduction of more 
training sessions. If there is still a marked effect, it should be statistically removed from the 
data. 
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v) Stress arousal checklist. 
The comparison with POMS, SSS and NPRU mood +/- scales did not show any other tests 
to be significantly more sensitive than the stress arousal checklist. The POMS measured 
more functions, but took too long to complete. It was recommended that the stress arousal 
check list should be used for Enduras 2 and 3, with the revised headings of 'definitely feel, 
feel, not sure and don't feel' replacing the '+ +, +, '1 and -'. 
vi) Microcomputer tests. 
Because there was a software fault, time on task was not examined. Taking account of test 
sensitivity, previous experience conducting some of the tests in the environment of main battle 
tanks, and cognitive psychomotor functions underlying the tank commander's tasks; it was 
recommended to use the following tests: code substitution, 4 choice reaction time and 
addition. 
vii) Self assessment. 
Scores for this measure did not differ from the objective performance measures. This meant 
that the soldiers were able to assess their performance as a percentage of their baseline 
performance, even when sleep deprived. It was recommended to use baseline as the 
performance bench-mark in this question during Enduras 2 and 3. 
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CHAPTER 11 
MILITARY FIELD EXERCISE 2. 
11.1 INTRODUCTION 
11.1.1 Aim oC this chapter. 
To present a comparison of the activities and workload of 3 and 4 man crew partaking in the 
main military field exercise. 
11.1.2 Background. 
This chapter describes military field exercise 2 which was the second of a scheduled series 
of 3 military exercises (codenamed Enduras 1,2 and 3), to examine the operations of 3 man 
crew compared with 4 man crew main battle tanks. The exercises were to provide data which 
would be used as a decision aid in determining whether 3 man crew tanks were a viable 
option for future design. The first of the 3 scheduled exercises (Endura 1) had been a pilot 
study to check that all the measures to be used in the second two sheduled exercises were 
workable and appropriate to the harsh field exercise environment. It had fought two 4 man 
crew tank troops alongside each other against a common enemy, and is described in chapter 
9 of this thesis. 
Following the first field exercise, a number of the scientific measures had been further 
examined experimentally (chapter 10). Where necessary, measures were modified, and 
additional measures were included within the package for use with the second and third 
military exercises. Data from both the second and third exercises, (codenamed Enduras 2 and 
3), were to provide the experimental data from which the army would make decisions 
concerning the feasibility of reducing crew numbers in future generations of main battle tanks. 
During Endura 2, a 3 man crewed vehicle troop fought alongside a 4 man crewed vehicle 
troop against a common enemy. Equipment and assistance were provided for the 3 man crew 
troop, in order to simulate the expected technological developments which would be embodied 
in the future main battle tank. The exercise took the form of a 12 day non nuclear war 
scenario. 
The purpose of Endura 2 was to compare the performance, activities, and endurance of the 
3 and 4 man crews, under the constraints of a realistic tactical scenario. The role of APRE 
was to gather data on crew activities and performance in order to allow a comparison to be 
made, also to complement military judgements. During the exercise, the work completed for 
this thesis comprised the development and implementation of the package of performance 
measures. In addition to meeting the objectives of the exercise, the measures were to provide 
a database for APRE's work on future armoured fighting vehicle design. 
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The Endura exercises were very large military operations, and represented the most extensive 
military exercises staged to gather scientific data. 16 scientific staff were required to monitor 
the exercise and administer tests, over 100 military personnel were involved in the exercise 
as players, enemy, military monitors and administrators, in addition the Royal Engineers and 
RAF were involved. The high profile of these exercises meant that they were visited by 
international VIPs. 
The author was responsible for the implementation of the scientific measures as outlined in 
this chapter, as well as data collection, reduction and production of graphs as the exercise 
progressed. Before the exercise began she was responsible for training the soldiers and 
APRE staff in the completion and administration of tests, during the exercise she collated data 
with a tearn ofheIpers in the field (in the APRE 'box body' vehicle which was equipped with 
computers), and joined the scientific monitors to administer test sessions every 8 hours. 
Following the exercise and recovery day measures, she provided graphs for presentation to 
the military organizers. 
This chapter outlines the general methods used for the exercise scenario of Endura 2, the 
scientific measures used, their analyses, and results. An overall discussion of the measures 
and findings follows the results section. 
11.2 AIMS. 
i) The aim of Endura 2 was to compare the activities and performance of 3 and 4 man MBT 
crews under the constraints of a realistic tactical field exercise. This was to provide data to 
help clarify the feasibility of reducing crew numbers in future designs of main battle tanks. 
ii) During Endura 2, the aim of work for this thesis was to implement a package of 
performance and activity measures which would compare the 'in tank' activities, workload, 
and fatigue of 3 and 4 man MBT crews. 
11.3 . METHODS. 
11.3.1 General methods for the exercise. 
11.3.1.1 Design. 
A matched groups design was used, although the groups were not both the same size. The 
matched groups were 2 troops, one with 4 man crews, (consisting of commander, gunner 
loader and driver), the other with 3 man crews, (commander, gunner and driver), who fought 
in parallel against a common enemy. Each troop consisted of 3 tanks. This meant that the 
sample sizes were relatively small, a group of 12 being compared with a group of 9. 
11.3.1.2 Subjects. 
21 soldiers acted as 'players' in this exercise. They were all trained crew. Further 
information concerning their background experience is outlined in the results of the pre/post 
exercise questionnaire. All soldiers were in their usual crew stations for this exercise. 
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11.3.1.3 Procedures ror the exercise. 
i) The scenario. The exercise was s imilar to that of Endura I, taking the form of a 12 day 
tactical scenario , simulating a non nuclear war. Standard operating procedures were observed 
by the 4 man tanks, with th e crews being responsible for all digg ing, camouflaging and 
reco nnaissance duties. Special operating procedures had been devised for th e 3 man tanks , 
by the Armoured Trials and Development Unit. These operating procedures were appropriate 
for the technology of the future generation of tanks, which wou ld , for example, include less 
maintenance by crew in the tield, and mo re automation. Operating procedures and equipment 
assumptions are outlined in Streets et al. (1987). 
H) Fire control. Simulated fire control techniques were used with the simfics equipment. 
Fire engagements took place regul arly with enemy forces during battle runs. As this did not 
involve the loaders in their normal duties and it was desirable for them to be subjected to 
their normal levels of physical activities, loaders regularly unloaded ammunition equ ivalent 
to that which would have been fired in battle. At replenishment stops, ammunition was 
reloaded onto the tanks and stowed . 
Hi) Tactical activities. Crews were ' tactical' when in defensive and hide positions. This 
meant they were to camoufl age the vehicles and create no more th an minimum light and 
noise. 
A scientific monitor (far left) observes a camouflaged troop in 
daylight. (At night the vehicles became extremely difficult to find!) 
iv) Military training and recovery. The exercise was preceded by a 2 day military training 
exercise. During this, th e crew were familiari sed with th eir military equipment and exercise 
procedures . The scientitic mon itoring staff also were familiarised with their monitoring 
activ iti es . The exercise was !()llowed by a 3 day recovery period , during which the soldiers 
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were allowed to rest, and had only light military duti es. They were expected to remain in 
the vicinity of the camp, and report for test sess ions. 
v) Scientific observation and exercise halts for test sessions. Throughout the exercise, 
activities of both troops were observed by scientific staff from APRE, wh o foll owed each 
troop . The exercise was halted for 30 minutes, 3 times each day , for the administration of 
performance and activ ity measures . Halts took place at 0400 , 1200 and 2000 hours. 
vi) Scientific observers. The scientific observers were divided into 2 shifts, each worked 
12 hours each day, as well as an 18 hour shift in mid exercise, when they changed over 
between night and day shifts. Each shift cons isted of two teams of observers, one to monitor 
each troop. Each team consisted of two members of APRE staff, who monitored crew off 
tank activities; and a military observer who was responsible for assessi ng the troop's military 
performance. The observers alternated troops daily . This was to minimise observer bias in 
data gathered . 
During the half hour test sess ions, a further scientific monitor joined each team of observers . 
This provided one sc ientific mon itor per tank for the purposes of test administration. 
Scielltific mOllitors carryillg out a test sessioll by the roadside. 
11.3 .2 Measures used. 
The author outlined the requ ired package of measures . Respons ib ility for developing and 
implementing th e follow ing measures was del egated and th erefore the measures are noted , but 
not treated in detail within this th es is: pre and post exercise phys iolog ical measures, 
continuous monitoring of off tank activit ies, second ary task of I ight cancell ation, monitoring 
and written recording of the rad io messages and mon itor ing of ti ri ng act ivities (Simfics). 
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The following measures were implemented. 
Pre/post exercise: 
Physiological measurements and pre/post exercise questionnaires. 
During the half hour test sessions: 
subjective measures of stress and arousal, sleep amount and quality,ratings 
for workload, efficiency of own performance and logs of 'in tank' activities. 
Tests of addition, 4 choice reaction time and code substitution were presented 
on micro computers, visual fatigue, hand grip strength and body temperature 
were also measured. 
Throughout the exercise: 
assessments of the troops' military efficiency; continuous monitoring of off 
tank crew activities; monitoring of firing activities in the form of Simfics 
activity; monitoring and written recording of the radio messages, recording 
of internal tank temperatures and a secondary task of light cancellation. 
11.3.3 Methods for the measures used pre/post exercise. 
11.3.3.1 Pre/post exercise physiological measures, procedures. 
These measures were organized and carried out by APRE physiology division. They are 
noted in this thesis merely to give a picture of the complete package of measures used. 
The purpose of the pre and post exercise battery of physiological measurements, was to assess 
physical fatigue, and consisted of measures of sub-maximal aerobic capacity, anaerobic 
capacity, and isokinetic, (dynamic), strength. A modified bicycle ergometer, powered by 
hand cranking, was used to measure upper body oxygen uptake/heart rate relationships, and 
assess sub-maximal aerobic capacity. Anaerobic capacity was measured using the Wingate 
Anaerobic Test. Isokinetic strength for shoulder extensionlflexion was measured using a 
Cybex 11 isokinetic dynamometer. 
Prior to the exercise, this battery of tests was carried out on the two player troops. Also, it 
was carried out on the two enemy troops, who were to provide replacement crewmen in the 
event of any player crew being withdrawn during the exercise. 
11.3.3.2 The prelpost exercise questionnaire, procedures. 
(See Annex 11.1, p.A-59 to 74, for an example of the questionnaire.) 
The pre exercise questionnaire concerned the soldiers' experience relevant to the exercise, and 
their expectations about the normal task allocations within a traditionally crewed tank. It was 
given to all players simultaneously, and all enemy simultaneously, with an APRE team 
monitor assigned to each crew, to help with any queries. Enemy completed questionnaires 
in case they had to be substituted jzI for player soldiers during the exercise. The post exercise 
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questionnaire was given to pl ayer so ldiers only . It was admini stered individually , in 
confidence, immed iately after th e exercise. 
11.3.4 Methods for the measures used during the half hour test sessions. 
11 .3 .4.1 Procedure for the half hour test sessions. 
Test sess ions were similar to those outli ned in chapter 9 of this thesis, with the following 
addi tion. Each crew member put his thermistor under his to ngue, prior to completing his 
microcomputer tests. Thermistor readings were record ed at the end of the microcomputer 
test sessions. Data was then taken (or tel emetered if poss ible) to the APRE 'box-bodies' for 
collation. 
Box-bodies, cOllspicuous ill the field camp. 
11.3.4.2 Methods for subjective measures. 
The proformae on wh ich these measures were presented appears in Annex 11 .2. The 
measures comprised the stress/arousal checklist, measures of sleep amou nt and quality, ratings 
of workload, and eftic iency of own performance. 
i) Stress/arousal check list, procedure. 
The stress arousal checkl ist and the procedure used was s imilar to that used in exercise 
Endura I. The onl y difference being th at the descriptions of 'definitely feel, fee l, not sure 
and don't feel' replaced th e '++, +,? and -' symbols. 
ii) Sleep amount and quality, procedure. 
Soldiers were asked to record how many naps th ey had taken, and their total amount of s leep 
since the las t measuring session . 
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They marked the 7 point rating scales to describe their sleep in terms of 3 continuums: 
broken/unbroken, heavy/light, woke up tired/woke up refreshed. 
iii) Workload ratings, procedure. 
This measure was as described in chapter 9. 
iv) Efficiency of own performance, procedure. 
Each man was asked to mark a 10 cms line to show what percentage of his best he felt 
himself to be 'in doing his crew tasks' since the last measuring session. 
The beginning of the line was labelled 'Totally exhausted %', the mid point, 50%, and the 
right hand end of the line was labelled '100% totally efficient'. 
The response, (percent efficiency), was measured from the beginning of the line, and 
recorded in millimetres. 
v) Self reported 'hi tank' activity logs, procedure. 
The form used to collect data on 'in tank' activities, (see Annex 11.3, p.A-77), was a 
modified version of that used for exercise Endura 1. A list of 'in tank' tasks had been 
compiled after examination of data from Endura 1. Categories for 'off tank' and 'other' tasks 
were also included to make the forms easier to complete. 
The same list was used for all crew stations. Alongside each task was a time base, the 
smallest division being that of 15 minutes. 
Completed cards were exchanged for new cards at each measuring session. Crew were asked 
to fill in the cards during the exercise if possible. Information about the length of time 
reported on each activity, and on several activities in combination, was transferred to 
summary tables after the measuring sessions. Accumulative totals were calculated as the 
exercise progressed. 
11.3.4.3 Methods for microcomputer tests. 
Tests of addition, 4 choice reaction time, and code substitution were administered on hand 
held computers. Tests of addition, and 4 choice reaction time, were as described in chapter 
8 of this thesis; the code substitution test and its procedures, were as described in chapter 10. 
11.3.4.4 Methods for tests for visual fatigue. 
Lateral phoria was tested using the Maddox Wing, as recommended and described in chapter 
10 of this thesis; measures of near point of convergence were carried out using the RAF near 
point rule, as described in chapters 9 and 10. The conventional RAF near point rule was 
shortened from 50 cms to 42 cms for ease of use within the restricted space of a main battle 
tank. This is shown in Figure 11.1,p.218, at the end of this chapter. 
185 
11.3.4.5 Hand grip strength. 
This was measured as described in chapters 9 and 10, and as recommended in chapter 10. 
The handgrip dynamometers were calibrated, pre-trial, for measurements spanning the range 
of observations expected. Regressions of actual, and indicated loads, were calculated by the 
least squares method; data was corrected using the appropriate equation. 
11.3.4.6 Measurement of body temperature. 
i) Measurement of body temperature, introductory notes. 
This measure was introduced following the recommendations arising from Endura 1. It was 
included to give an indication of disruptions to crew body temperature circadian rhythms. 
If the two troops were found to develop different sleep/work regimes then this might affect 
differentially their circadian rhythms, and have implications for the interpretation of the . 
performance data. . 
ii) Notes on the choice and method for measuring body temperature. 
Sub-lingual temperatures were measured, as this has been the preferred method reported in 
literature concerning circadian rhythms, (Colquohoun and Rutenfranz 1980). In addition, 
after examination of the various other methods of deep body temperature measurement, it was 
decided that this method was the most suitable, because of the long duration of the exercise, 
and the conditions in which the data was to be collected. 
Oral temperatures are affected by air temperatures when the mouth is open, and by food, 
drink, smoking and physical activity immediately prior to the measurement; therefore all 
readings were taken after a 15 minute stabilising period. During this time, the subject sat in 
his crew station, and completed the performance tests with a thermistor probe under his 
tongue. As each subject was required to keep his mouth closed during this activity, it also 
prevented him from talking, eating, drinking or smoking while performing the microcomputer 
tests. All of which would have degraded data quality. 
The sub-lingual thermistors were plugged into Grant thermistor meters which gave a reading 
accurate to 0.1 ·C. Prior to the exercise the thermistors and meters were calibrated to ensure 
that they were working to an accuracy of 0.1 ·C. 
11.3.5 Methods Cor the measures used throughout the exercise. 
11.3.5.1 Military efficiency. 
i) Military efficiency, introductory notes. 
This measure was introduced following the recommendations from Endura 1, outlined in 
chapter 9. The author produced proformae to enable the army to record their assessments 
of hide activities. Each activity was to be rated on a 7 point scale for the effectiveness, (in 
military terms), of the end result, and the efficiency with which the task had been carried out 
by the troop. An example of the form is included at Annex 11.4, p.A-78. 
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ii) Procedure for measuring military efficiency. 
This measure was administered by 4 Royal Armoured Corps (RAC) corporals, who were 
experienced tank commanders. They were familiarised with the forms during the pre exercise 
training phase. Throughout the exercise, they worked 12 hour shifts, such that each troop 
was observed throughout the 24 hour period. These RAC monitors, together with the APRE 
monitors followed alternate troops on each shift. Therefore, each troop was observed 
equally, by all monitors during the exercise. 
Half way through the exercise, the day and night shift workers changed over; this involved 
18 hour shifts at the time of change over. It ensured that monitors did equal amounts of 
monitoring in daylight and at night. Military efficiency forms were completed whenever new 
hides were occupied. The section concerning replenishment was completed as appropriate. 
11.3.5.2 Off tank activity recording, procedure. 
The development and implementation of the off tank activity recordings was carried out by 
a colleague; therefore it is noted here as being part of the package of measures, but not 
treated in detail. Scientific monitors followed the exercise, and logged the soldiers' off tank 
activities by keying them into hand held micro computers which had been programmed to act 
as data loggers. This produced a time line of off tank activities for each crew member. 
11.3.5.3 Simfics, procedure. 
The Simfics system was as described in chapter 9 with the following modification. Crew 
were to record the Simfics activity by pressing the appropriate buttons on an 'in tank' 
processor. 
11.3.5.4 Radio communications, recording procedure. 
All radio communications were logged by the signaller. 
11.3.5.5 MBT internal temperatures, procedure. 
The dry bulb temperature of each vehicle was measured every thirty minutes during the 
exercise. This was by means of a probe, fixed to the turret roof, and linked to the 'in tank' 
processor. 
11.3.5.6 Secondary task of light cancellation, procedure. 
This measure was as described in chapter 9. 
11.4 ANALYSIS AND RESULTS. 
AIl Fifures are at the end of this chapter. Tables 11.1to 11.38 are on pages A-79 to A· 
107. 
11.4.1 Results of physiological measurements. 
Table ILl, p.A-79, gives a summary of the statistics for all physiological measures, and 
Table 11.2, p.A-BO. gives the equations describing the regression lines for the oxygen 
uptake/heart rate relationships for each troop. 
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Aerobic capacity showed a change in the slope and intercept of the oxygen uptake/heart rate 
relationship, but no statistically significant pre/post exercise difference. By recovery day 2, 
there was a statistically significant increase in the slope of the oxygen uptake/heart rate 
relationship (p < 0.05). By recovery day 6, there was both a significant increase in the 
intercept and a steepening of the slope (p<0.01 and P<O.OOI respectively). 
There were no statistically significant changes in skinfold thickness, but percentage body fat 
was reduced (p < 0.05). There was a significant reduction in body weight for both troops 
(p<0.001). 
The results of the Wingate Anaerobic test show that there was a significant increase in the 
peak power (p<0.05) and mean power (p<0.001) pre to post exercise for both troops. Both 
had returned close to control levels by recovery day 2, and were back to baseline by recovery 
day 6. 
For both troops there was a significant reduction in shoulder flexion (p < 0.001 absolute, 
P<O.OI relative 4 man crews, P<O.OI absolute 3 man crews). There was no significant 
change in shoulder extension. 
11.4.2 Results or pre/post exercise questionnaire. 
Detailed results are confidential and are given in Streets et aI (1987). The main points are 
summarised below. 
11.4.2.1 Experience. 
There was a large spread of operational experience across the two troops, but no systematic 
difference between the troops. The majority of soldiers had already exercised, worked closed 
down, and detected field targets on Sol tau where this current exercise took place. Few had 
experience of using simfics. All soldiers were in their usual crew stations for this exercise, 
although a gunner in the 3 man crew troop was new to that crew position. 
In one 3 man tank, only the driver admitted experience of detecting real targets in the field, 
and that was on firing ranges. The gunner was a novice, but the commander had over 9 
years in the army, and was a qualified Challenger gunnery instructor. He had experience of 
detecting targets, and said, (in conversation), that his failure to answer this question was a 
result of the way in which he defined 'a real target in the field'. With the exceptions 
mentioned above, all soldiers had experienced detecting targets on Soltau. 
11.4.2.2 Task allocation. 1"-
Before the exercise, the soldiers were given a list of tasks and asked,(which crew positions 
woutTfn=a1rY perform them in a 4 man crew tank. After the exercise, they were asked 
which crew stations actually performed the tasks. This was to show whether the 4 man crew 
kept to the normal pattern of task allocation during the exercise, and to see how the 3 man 
crew tasks became shared amongst the crew. 
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In general there was little difference between the patterns of response before and after the 
exercise. The 4 man crew did appear to keep to the normal task allocation during the 
exercise. The distribution of tasks amongst the 3 man crew troop was similar to that of the 
4 man crew troop, with the following exceptions. Camouflage, radio watch and cooking were 
comparatively evenly distributed amongst the 3 man crew; in the 4 man crew troop, the 
loader helped greatly with these tasks. Reconnaissance was shared between the commander 
and loader in the 4 man crew troop, but the 3 man crew commanders appeared to have little 
help. Some tasks where the loader normally contributed, such as monitoring NBC and 
ammunition replens, could only be done by the commander and gunner in the 3 man crew 
troop; but the driver did help with ammunition restowage. 
11.4.2.3 Troop workload and task sharing. 
Both troops felt they spent more time being overworked than underworked. There was a 
general pattern of the 3 man crews feeling more overworked, and less underworked, than the 
4 man crews, although this difference was not statistically significant. Most recommendations 
for the redistribution of workload involved either receiving help, or giving own tasks to 
others. 
The fact that at least 70% helped others, indicates the high degree of cooperation required 
between crew members, especially in the 3 man crews. Only 2 of the 3 man crew troop said 
they had not helped others; one was new to tanks and lacking experience of most tasks, the 
other probably ticked the wrong box, as he commented on the help that he gave others. 
There was more cooperation and task sharing within the 3 man crews than the 4 man crews, 
despite the fact there were personality clash problems within the 3 man crew troop. All crew 
stations equally helped others, but gunners appeared to receive most help; gunners from the 
3 man crews receiving twice as much as their 4 man crew counterparts. It is interesting to 
note that although gunners received most help from other crew members, other crew members 
saw the gunners' workload as being light to just right. The most likely explanation being that 
the gunners had least experience on tanks and needed most help. There were many occasions 
on which commanders from both troops needed help, which their gunners were too 
inexperienced to provide. Commanders and drivers were generally seen as being overworked. 
11.4.2.4 Factors influencing work or causing stress. 
Crew were asked whether there was anything that made it difficult to work as a team. From 
the 4 man crew troop, 50% of the comments concerned fatigue or fatigue related problems; 
from the 3 man crew troop, 40% of comments related to problems caused by the lack of one 
crew member. This interfered directly with camouflage, stags, and cooking whilst on the 
move. As a result of the 3 man crew configuration 'within a tank designed for 4 crew, 
equipment was inconveniently positioned, and this contributed to increased stress and fatigue. 
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The following were listed as causing increased stress: track bashing, operating closed down, 
and the O4OOhrs APRE test session. The O4OOhrs test session usually coincided with a sleep 
period, so crew were awakened to perform the tests, and struggled to remain awake 
throughout the session. The gun position was most often quoted as interfering with others' 
tasks, especially those of the drivers. Further problems were caused by crew trying to do too 
many tasks simultaneously. 
There was no difference between troops in the total number of tasks they found tiring. 3 man 
crew gunners and 4 man crew drivers found slightly more tasks tiring than did their 
counterparts. Some tasks suffered as a result of overwork or fatigue, and were omitted or 
shortcut. These were start up drills and various maintenance checks. 
Satisfaction was gained from 'a job well done'. This usually meant that soldiers enjoyed 
doing their own jobs well. 
11.4.2.5 Training. 
Crew were asked whether they were trained to do all the jobs they did during the exercise. 
75 % of the 4 man crew troop and 78 % of the 3 man crew troop said that they had. Only 3 
crew from each troop listed jobs for which they felt untrained. Of the 6 comments, 3 were 
from inexperienced gunners, and 2 were from 3 men crew operating TOGS. 
11.4.2.6 Suggestions for design, equipment and operational modifications to improve 
teamwork and individual jobs. 
There were over 80 different suggestions for modifications. 52 % said there was a 
requirement for greater and more easily accessible stowage. 43 % suggested that the driver 
needs improved night sights and all round vision; 43 % thought that air powered tools should 
be issued to crew as well as to the Royal Engineers; 38 % wanted more space and comfort in 
crew stations; 33 % wanted better seats; 33 % said they needed more tools and a larger tool 
kit; 29 % thought teamwork would be easier if everyone was trained to do the jobs of all crew 
positions; 29% suggested maintenance would be improved with separate maintenance stops, 
other than in the usual hides; they suggested also having separate maintenance teams. 
11.4.2.7 Feelings at the end of the exercise. 
5 men in each troop claimed they were fit. On these small numbers, if expressed as 
percentages, it appears as if the 3 man crews considered themselves to be fitter. There was 
no statistical difference between these figures, and overall, about half of the men said they 
were still fit. A higher number of the 4 man crew troop rated their crew efficiency as 
excellent, but again, the difference between troops was not statistically significant. Also, 
there was a tendency for the 3 man crews to rate themselves as capable of continuing for 
longer, but there was no statistical difference between troops for this measure. 
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11.4.2.8 Difficulty ratings. 
As part of the pre and post exercise debrief questionnaire, each soldier rated 15 tasks, or 
groups of tasks, for the difficulty of achieving a 'good end result', and for the difficulty of 
'actually doing' the task. The 2 sets of ratings were on a 7 point scale from 1 (very easy) 
to 7 (very difficult). 
After the exercise, the 4 man crews did not change their ratings, but the 3 man crews did, 
change some of their ratings. The sign test was used to test differences between pre and post 
ratings. The 4 man crews had no tasks where these ratings changed significantly. Post trial, 
the 3 man crews rated 'actually do maintenance' as significantly more difficult than they had 
thought it would be (p < 0.05). 
The Mann-Witney tests showed troops rated the following tasks differently: 
. Pre exercise, 'good end result' for camouflage (p<0.05) 
Pre exercise, 'actually do' minimising light (p < 0.01) 
Pre exercise, 'actually do' position sentries (p < 0.05) 
Pre exercise, 'actually do' battle hide (p<0.05) 
Pre exercise, 'actually do' replen (p<0.05) 
Post exercise, 'actually do' maintenance (p<0.05) 
Post exercise, 'actually do' battle hide (p<0.01) 
The Kolmogorov-Smimov tests showed differences between the troops on: 
Pre exercise, 'actually do' battle hide (p<0.05) 
Post exercise, 'actually do' battle hide (p < 0.05) 
In each case, 3 man crews rated these tasks as being more difficult. 
11.4.3 Results of measures made during the half hour test sessions. 
11.4.3.1 Stress arousal checklist analysis and results. 
The results appear in Figures 11.2 to 11.7, p.218 to 221, and Tables 11.3 to 11.6, pp.A-BO 
to 83. 
Figures 11.2, 11.3 and 11.4, pp. 218 and 219, show mean stress scores for 0400, 1200, and 
2000 hours respectively. Figures 11.5, 11.6, and 11.7,pp.220 and 221, show mean arousal 
scores for 0400, 1200 and 2000 hours respectively. 
Analysis of variance for stress scores and arousal scores are given in Tables 11.3 and 11.4. 
Table 11.5 gives the summary of significant selected contrasts, and Table 11.6 gives the 
summary of significant fixed effects, pp.A-BO to 83. 
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i) Notes on analysis or stress arousal checklist. 
Statistical analysis was performed omitting data from training days and recovery days 3,4 and 
5, where only noon sessions were held. There were 960 data points per analysis. In order 
to obtain a complete data set for analysis it was necessary to estimate 15 missing data points. 
These data were viewed as scores on the underlying continuous distribution of stress or 
arousal .. The distribution of scores violated the assumptions for classical statistics and it was 
necessary to use the arcsine transformation before further anal ysis. This was not entirel y 
successful in normalising the data and results of statistical tests should only be regarded as 
giving a broad picture of the pattern of response. 
Stress and arousal scores were collected from all subjects during all phases of the trial. 
Statistical methods comprised analysis of variance, and examination by selected contrasts, of 
days when 3 test sessions were held, ie omitting recovery days I, 3, 4 and 5. Fixed effects 
were: groups, (that is, troops), days and times of day. 
Conservative variance-ratio tests were used to calculate significance levels, as these are more 
appropriate to the repeated measures design. (Analyses of this measure for Endura 1 had used 
the ordinary F tests, which were acceptable to the pilot-studies, where the main aim was to 
select sensitive tests, and even weak effects were of interest.) 
Table 11.6, p.A-83, summarises the pattern of significance in the fixed effects. Significant 
subjects effects were to be expected and were excluded from this table. 
Overall, there was no effect caused by differences between groups, nor were there significant 
groups interactions with days or times of day. As would be expected, times of day and day 
effects were significant. The time of day effect was evident throughout all measures taken 
and the days effect would be caused by the varying daily workloads planned for the exercise 
phase. 
Further analysis of the days effect was carried out using selected contrasts and conservative 
variance ratio tests. This was done separately for each group, and each of the 3 test session 
times. the intention was to compare performance each day during the exercise and recovery, 
with performance during the baseline, also to assess the stability of the baseline. 
Table 11.5, p.A-82, shows the pattern of significant contrasts. The graphs and fignres are 
in terms of raw data but statistical tests used transformed data. 
The smaller group (3 man crews) needed a larger change from baseline to achieve statistical 
significance. All the significances in the exercise represent increases in stress scores, 
compared with baseline. By recovery day 6, stress was significantly reduced from baseline. 
The 4 man crew did not achieve stability over the baseline. 
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More significances occurred at tbe 2000 test session. The patterns of tbe two troops were 
similar, as shown earlier in tbe analysis of variance groups by days result. Arousal was 
higber tban baseline on exercise day 6 at 0400 and 1200, but tbe 2000 score for tbat day, and 
all otber exercise significances, had arousal scores lower tban baseline. All tbe recovery 
significances represent higher arousal scores. 
ii) Summary of results of stress arousal check list. 
To summarise, tbere was no statistical difference in stress or arousal scores between tbe two 
troops; neitber were tbere any differences in tbe troop score profiles, witb respect to days or 
times of day. However, tbe following general pattern of results can be seen. At 0400 hrs 
tbroughout tbe exercise tbe 3 man crews rated tbeir stress level lower tban did tbe 4 man 
crews (Figure 11.2,p.218.). The 3 man crews also rated tbeir stress level lower tban 4 man 
crews, at 1200hrs from days 3 to 12, (Figure 11.3,p.219), and at 2ooohrs, days 3 to 12, 
apart from day 7 (Figure 1l.4). Throughout tbe exercise, 3 man crews also scored lower 
arousal levels (Figure 11.7, p.221). 
11.4.3.2 Sleep amount and quality, analysis and results. 
The results are summarised in Figures 11.8 to 11.15 and Tables 11.7 to 11.11 as follows: 
Figure 11.8 Mean reported hours of sleep, p.22l. 
Figure 11.9 Mean reported number of naps, p.222. 
Figure 11.10 Mean reported hours per nap, p.222. 
Figure 1l.1I Cumulative sleep, p.223. 
Figure 11.12 Mean rating of broken sleep, p.223. 
Figure 11.13 Mean rating of sleep deptb,p.224. 
Figure 11.14 Mean rating of tiredness on waking, p.224. 
Figure 11.15 Mean sum of 3 sleep ratings, p.225. 
Table 11.7 Analysis of variance of reported amount of sleep, p.A-83. 
Table 11.8 Analysis of variance of reported number of naps, p.A-84. 
Table 11.9 Analysis of variance of reported hours per nap, p.A-84. 
Table 11.10 Analysis of variance of tbe sum of 3 sleep ratings, p.A-85: 
Table 11.11 Summary of significant fixed effects, p.A-85. 
iii) Notes on the analysis of sleep amount and quality. 
Statistical analysis was performed for exercise days only. This was because tbe 
traininglbaseline period included an exercise. and tbere had been a great deal of missing data 
on sleep for recovery day 1. 
In order to consolidate data over time periods to an appropriate level where few zeros 
remained and analysis was valid, tbe sessional data was summed to produce daily data for 
sleep amount and number of naps. 
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Daily aspects of sleep quality were calculated as means weighted for hours of sleep taken 
between each session. This meant that daily sleep data covered the time period from 2000 
hrs the previous day. Analysis was also done on a combined sleep quantity index, hours per 
nap. 
For analysis purposes, a 'sleep index' was constructed by adding the 3 scales. The 
'heavy/light' descriptor scores had a reversed scale compared with the other 2, so this was 
reversed by subtracting each man's score from 8 for every non zero observation. A low 
score on the combined scale represents a poorer quality of sleep, and zero represents no 
sleep. 
Therefore the combined index included information from all 3 aspects of sleep. The 
distribution of the. combined scores was non normal and not improved by standard 
transformations, therefore results of statistical tests should be regarded as giving only a broad 
picture of the pattern of response. 
The sleep quantity, number of naps and hours per nap data were also not normally 
distributed. Therefore the arcsine transform was used on the sleep quantity, and the log 
transform was used for the nap data. 
Statistical methods comprised analysis of variance and tests for significant differences between 
means by the Newman-Keuls procedure. Factors were groups (2), and days (12). 
Conservative variance ratio tests were used to calculate significance levels as these are more 
appropriate to the repeated measures design. 
Table 11.11, p.A-85, summarises the pattern of significance in the fixed effects. Significant 
subjects effects were to be expected and were excluded from this table. There were no 
groups effects and no significant groups interactions with days. 
The days effects were significant for most variables. This is explained by the varying daily 
workloads planned for the exercise. The days effect was not significant for the sum of 3 
sleep ratings. 
Further analysis of the days effect was carried out using the Newman-Keuls procedure. This 
was done for each group separately. This was not done on the sum of the 3 sleep ratings as 
the days effect was not significant in the analysis of variance. 
Significantly less sleep was taken on day 10 by both groups. Hours per nap were fewest on 
day 10 for both groups, and significantly fewer for the 4 man crew. It is worth noting that 
a greater difference would be required for significance with the 3 man crew group because 
of its smaller size. No other day was shown to be greatly different. 
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It can be concluded that no differences in combined sleep ratings or amounts of sleep between 
the two groups could be found; neither were there any differences in the groups' profiles of 
sleep data with respect to days. 
iv) Summary of results of sleep amount and quality. 
To summarise the general pattern of results: at the beginning of the exercise, days 1 to 3, 
both troops consistently had over 4 hours sleep. This would be enough to maintain 
satisfactory performance levels. Both troops could not be considered sleep deprived until 
days 8, 9, and 10 when they had less than 3 hours daily. 
There was IittIe difference between troops in the number of hours sleep recorded, and both 
troops showed a similar profile of amount of sleep with respect to days. However, from day 
6 onwards, the 4 man crews took more naps of shorter duration than did the 3 man crews. 
There was no statistical difference between troops on any of the three sleep description 
continuums. On 8 out of the 12 days, the 4 man crew troop rated their sleep as being more 
broken than did the 3 man crew troop. On day 10, the 4 man crew troop suffered 
particularly broken sleep, after which they felt more tired on waking than in the whole 
exercise. The 4 man crew also rated their sleep as heavier than the 3 man crew troop, apart 
from days 2 and 7. 
11.4.3.3 Work ratings analysis and results. 
The results are summarised in Figures 11.16 to 11.39, and Tables 11.12 to 11.14 as follows: 
Figures 11.16 to 11.22. Mean scores of work ratings at 0400 hrs, pp. 225 to 228. 
Figures 11.23 to 11.29. Mean scores for work ratings at 1200 hrs, pp.229 to 232. 
Figures 11.30 to 11.36. Mean scores for work ratings at 2000 hrs, pp.232 to 235. 
Figures 11.37 to 11.39. Mean sum of all 7 work ratings for 0400, 1200 and 2000 hrs 
respectively, pp.236 and 237. 
Table 11.12. Analysis of variance, combined work ratings, p.A-86. 
Table 11.13 Summary of significant selected contrasts,p.A·86. 
Table 11.14. Summary of significant fixed effects, p.A·87. 
i) Notes on the analysis of work ratings. 
It is noted that the graphs in Figures 11.16 to 11.39 are in terms of raw data, but the 
statistical tests needed transformed data. Also that the smaller group needed a larger change 
from baseline to achieve significance. 
Conservative variance·ratio tests were used to calculate significance levels. Overall there 
were no groups effects, nor were there significant groups interactions with days or times of 
day. 
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As expected, the day effects were significant. This is because of the varying daily workloads 
planned throughout the exercise. 
Further analyses of the days effect were carried out using selected contrasts and conservative 
variance ratio tests. This was done for each group and each of the 3 test sessions times 
separately. The intention was to compare performance each day during the exercise and 
recovery, with performance during the baseline; also to assess the stability of the baseline. 
All the significances during the exercise represented decreases in work ratings compared with 
baseline, except for the 4 man crew troop at 2000 hrs on exercise day 3, and 0400 hrs on 
exercise day 6. The 4 man crew troop did not achieve stability over the baseline at 4000 hrs 
and 2000 hrs. All the recovery significances represent higher scores. 
It was concluded that no difference could be found between the two groups' combined work 
ratings. With respect to days, there were no statistical differences between the profiles of 
scores for the two groups. 
ii) Summary or results or work ratings. 
To summarise the results. There was no statistical difference between troops for the 
combined work ratings, however the following patterns of results emerged. At 0400 hrs on 
days 1 to 8, the 3 man crew troop rated their tasks as more mentally exhausting, more 
difficult and involving more work overload than did the 4 man crew troop (Figures 11.17, 
11.20 and 11.22, pp. 227 and 228). 
On days 1 to 7, the 3 man crew troop's work was rated as more interesting than that of the 
4 man crew troop (Figure 11.18,p.226). On days 1 to 9, the 3 man crews rated their work 
as being more active than did the 4 man crews (Figure 11.19, p.227). 
Throughout the exercise, at 2000 hrs the 3 man crews felt they were more 'work overloaded' 
than did the 4 man crews (Figure 11.36, p.235). On the combined ratings, the 3 man crews 
consistently had lower scores throughout the exercise at 2000 hrs (Figure 11.39, p.237). This 
means the 3 man crew scores tended to reflect their work as being more physically and 
mentally exhausting, interesting, active, difficult, heavy, and involving more time spent 
overloaded, than the work of the 4 man crews. 
11.4.3.4 Efficiency or own perrormance, analysis and results. 
The results are summarised in Figures 11.40 to 11.42 and in Tables 11.15 to 11.17 as 
follows: 
Figures 11.40, 11.41 and 11.42 show efficiency % of best at 0400 hrs, 1200 hrs and 2000 
hrs respectively, pp. 237 and 238. 
Table 11.15. Analysis of variance, efficiency % of best, p.A-87. 
Table 11.16. Summary of significant fixed effects, p.A-88. 
Table 11.17. Summary of significant contrasts, p.A-88. 
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iii) Notes on the analysis of efficiency of own performance. 
As the data ~~right censored and negatively skewed, an arcsine transformation was used 
before analysis. Therefore graphs are shown in terms of raw data, and analysis tables in 
terms of transformed data. Also, it should be noted that the smaller group (3 man crew 
troop) needed a larger change from baseline in order to achieve statistical significance . 
. ,' '!' 
Statistical analysis was performed omitting data from training days and recovery days R3,4 
and 5, where only noon sessions were held. Conservative variance ratio tests were used to 
calculate significance levels. Significant subjects effects were expected, and therefore 
excluded from the table of significant fixed effects. 
Figures 11AO to 11A2,pp.237 and 238, show the mean values for the baseline, exercise and 
recovery days at the 3 test times respectively. The test times were separated in order to 
eliminate the time of day effect. 
The 1200 hr graph includes data from recovery days R3, 4 and 5. 
Mean values at 1200 and 2000 hrs showed little variation around 80% efficiency, and 
variation in the 0400 hr values was in the range 55 to 90%. 
Overall there were no groups effects or groups interactions with days or times of day. As 
expected, times of day and days effects were significant. This is because of the known 
circadian performance effects, and the varying daily workloads throughout the exercise. 
Further analysis of the days effect was carried out using selected contrasts and variance ratio 
tests. This was done for each group, and each of the 3 test session times separately. This 
was in order to compare performance each day during the exercise and recovery, with 
performance during the baseline. Also to assess the stability of the baseline. 
All the significances on the recovery phase represent an increased % efficiency rating 
compared with baseline. The majority of the significant exercise days represent efficiency 
ratings lower than baseline. Baseline days were not significantly different, except for the 4 
man crew at 2000 hrs. 
iv) Summary of results of efficiency of own performance. 
To summarise the results: there was no statistically significant difference between troops on 
this measure. The ratings at 0400 hrs show a slight decline from day 5 onwards. There was 
no difference between troop score profiles with respect to days or times of day. Analysis on 
transformed data indicates the 3 man crews felt their performance declining in comparison 
to baseline, from exercise day 7 onwards, more so at 1200 and 2000 hrs than at 0400 hrs. 
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11.4.3.5 Self reported 'in tank' activity logs, results. 
The results are summarised in Tables 11.18 to 11.26, pp.A-89 to 94. as follows. They are 
represented in detail in the main task analysis. 
Table 11.18. Time on each activity per crew station per troop, p.A-89. 
Table 11.19. Time on each activity per troop: total time per tank and mean hours per man, 
p.A-90. 
Table 11.20. Time on all activities (summed) per crew station per troop, p.A-91. 
Table 11.21. Exclusively 'in tank' activities (summed) per crew station per troop. 
Table 11.22. 'Off tank' and 'other' activities (summed) per crew station per troop. 
Simultaneous activities. 
Table 11.23. Total time on combinations of activities per crew station per troop, p.A-92. 
Table 11.24. 
Table 11.25. 
Table 11.26. 
Most frequent combinations of activities per crew station per troop. 
Time on each activity within a combination per crew station per troop, p.A-
93. , 
~, 
Time spent in combination as a percent of total time reported for each 
activity per crew station per troop, p.A-94. 
11.4.3.6 Microcomputer tests results. 
During the trial, one soldier was substituted for compassionate reasons. Therefore only 8 of 
the 3 man group subjects' data could be used for analysis. 
The results are in Figures 11.43 to 11.57, pp.239 to 246. and in Tables 11.27 to 11.32, pp.A-
95 to 102. 
Training. 
Figures 11.43,11.44 and 11.45,pp.239and 240. show the mean troop results for the three 
tests during training. There were no sessions during the weekend days T4 and T5. There 
is a clear learning curve shown for the addition test. Performance on all 3 tests shows a 
plateau before baseline days. 
Baseline. exercise and recovery. 
Figures 11.46 to 11.54, pp. 240 to 244 show the number correct (means) for the two troops 
for each test for the 3 times of day. Figures 11.55 to 11.57, pp. 245 and 246. show gap data 
for the 4 choice reaction time test for each time of day. 
i) Addition, results. 
Performance declined for both troops throughout the exercise, then rapidly returned to 
baseline levels during the first two days of recovery. This was shown most clearly during 
the 0400 hrs sessions. From the baseline sessions to the end of the exercise, both troops 
showed statistically significant decreases in number correct. Both troops showed 
improvements in performance at 0400 hrs on exercise day 6. This improvement reached 
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statistical significance for the 3 man crew troop (p < 0.05). Less pronounced effects were 
shown at 1200 and 2000 hrs, apart from two drops in 3 man crew performance at 2000 hrs 
on exercise days 7 and 11. The 3 man crew troop generally achieved better performance on 
this test than did the 4 man crew troop. 
ii) Four choice reaction time, results. 
Performance declined for both troops throughout the exercise, then rapidly returned to 
baseline levels during the first two days of recovery. This was demonstrated most clearly for 
the number correct scored during the 0400 hrs measuring sessions (Figure 11.49, p.242). 
, 3 man crew performance for number correct dropped at 2000 hrs on exercise days 7 and 11 
(Figure 11.51,p.243). In general, the number of gaps in responses increased as the number 
correct decreased. Except during the 2000 hrs measuring sessions, the 3 man crew troop 
achieved better performance on this test than did the 4 man crew troop. 
iii) Code substitution, results. 
Performance declined for both troops throughout the exercise, then returned to beyond 
baseline levels during the first two days of recovery. This was demonstrated most clearly for 
the 0400 hrs measuring sessions (Figure 11.52). Table 11.32 shows that the performance of 
both troops was significantly higher than baseline by recovery day 6, (p< 0.001 for the 4 man 
crew troop, and P<0.05 for the 3 man crew troop.) 3 man crew performance showed a 
small decline on exercise days 7 and 11. Throughout the training, baseline, exercise and 
recovery days, the 3 man crew troop achieved a higher level of performance on this test than 
did the 4 man crew troop. 
iv) Notes on the analysis or the microcomputer tests. 
Analysis of variance (ANOV A) tests were carried out on the number of correct responses for 
all 3 tests. Tables 11.27 to 11.30, pp.A-95 to 99, show the ANOVA summary tables. The 
independent variables were groups (3 man or 4 man), subjects within groups, exercise days 
and times of day. An ANOVA was also performed on the gap data recorded for the 4 choice 
reaction time test. This did not differentiate the data according to gap length, but included 
all responses longer than 1 second (Table 11.30). Table 11.31, p.A-lOl, gives a summary 
of the significant fixed effects. The significant difference between subjects was to be expected 
and was omitted from Table 11.31. 
The 3 man crews had higher scores than the 4 man crews for the code substitution task 
throughout the exercise (p < 0.05). There was a difference of scores between days and time 
of day for all tests (p<O.OOI), as well as an interaction between times of day and day 
(p<0.01). 
v) Selected contrasts. 
Selected contrasts were made between baseline measures, experimental and recovery days 
El to E12, R2 and R6. These are shown in Table 11.32, p.A-102. 
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The 4 man crew troop showed earlier degradations from baseline performance. It should be 
noted that the 3 man crew (smaller subject group) would have to show greater differences in 
performance to achieve significance. 
11.4.3.7 Results of measures of visual fatigue. 
The results appear in Figures 11.58 to 11.61, pp. 246 to 248, and in Tables 11.33 and 11.34, 
p.A-103. 
i) Maddox wing test for lateral phoria, results. 
Figures 11.58, 11.59 and 11.60, pp.246 and 247, show mean lateral phoria per troop for 
0400, 1200 and 2000 hours respectively. Figure 11.59 includes data taken during the 
recovery days R3, R4 and RS. Compared with baseline days, higher scores indicate 
increasing fatigue. 
In all three graphs, the 4 man crew troop had higher values throughout the trial. The profiles 
for the two troops were similar. The 0400 hr readings showed greater phoria than other 
times. 
ii) Notes on the analysis of lateral phoria. 
All subjects showed exophoria. 
The general precision of recording data was 2 prism dioptres (an angle of arctan 0.02). After 
re-expressing the data all to the same precision, to obtain an interval scale, the distributions 
for both troops were investigated. No suitable transform was found (from those 
recommended in the general literature) to normalise the data distributions and overcome the 
non homogeneity of variance. 
Non parametric statistical analysis was performed omitting data from training days, and 
recovery days 3, 4 and 5 where only noon sessions were held. In order to obtain a complete 
data set for analysis it was necessary to estimate 7 missing data points. 
Table 11.33, shows the summary of siguificant Mann-Whitney U Tests and Table 11.34 
shows the summary of significant Wilcoxon Tests, p.A-103. 
Mann-Whitney U tests comparing the two groups during the baseline and recovery days R2 
and R6 at each time of day confirm the difference shown on the graphs to be statistically 
significant. These results are summarised in Table 11.33. 
Analysis of the Days effect was carried out using Wilcoxons matched pairs signed rank test. 
This was done for each troop and each of the three test session times separately. The 
intention was to compare performance each day during the exercise and recovery days with 
performance during the baseline days. Also to assess the stability of the baseline. 
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Table 11.33 shows the pattern of significance. The test requires at least 6 changes of 
appropriate size to achieve significance. With a troop size of 8, and median readings around 
3 with a precision of 2, there was little sensitivity in the measure when this test was applied. 
Where the test could not be applied, data has been taken as not statistically significant. 
The significant changes are at 0400 hrs and 1200 hrs for the 4 man crew troop, 2000 hrs for 
the 3 man crew troop. 
iii) Summary of results of lateral phoria. 
It can be concluded that the two troops were not matched well at the start of the exercise, and 
they changed similarly throughout the exercise on a daily basis. There is some indication that 
they showed different responses with time of day as the trial proceeded, but this may have 
been because they were different at the outset. Both troops recovered to baseline values 
rapidly after the exercise. This measure is not sufficiently sensitive to show differences 
within small groups, particularly where phoria values are low. 
To summarise, all Figures showed the 4 man crew troop scores to be clearly higher than 
those of the 3 man crew troop. As the difference between the troops was so marked both at 
baseline and recovery days, this difference must have been innate within the troops and not 
created by the exercise regime. 
The fatigue effects steadily increased for both troops throughout the exercise until day 10 
when recovery began. This recovery began earlier for the 4 man crew troop than for the 3 
man crew troop. 
There was also a slight decline in scores (indicating lower fatigue) from day 5, 0400 hrs. 
Both troops showed a similar profile of response to this measure throughout the exercise. 
iv) Near point of convergence, analysis and results. 
Notes on the analysis of near point convergence. 
Three soldiers from the 3 man crew troop did not achieve a measurable near point of 
convergence. Four soldiers, two from each troop, had periods when the near point of 
convergence was not measurable. In all cases, readings were below the scale minimum. 
Five men from the 4 man crew troop gave baseline readings which showed a recession in this 
measure following the training days. 
Of the soldiers who gave readings on the scale, there was evidence that the test measured a 
change in near point of convergence in all but three (two in the 4 man crew troop and one 
in the 3 man crew troop), but the data was erratic. 
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Some soldiers showed a sustained and consistent recession in near point of convergence 
throughout the exercise, while others had· a pattern of recession and recovery in a series of 
step functions. 
Therefore it was not possible to pick out days where peaks or troughs of performance 
occurred, neither was a statistical comparison of the two troops possible. 
v) Results or near point or convergence. . 
Figure 11.61, p.248, shows the mean values for the RAF near point of convergence at 0400 
hrs. There is a difference between the troops from baseline to recovery. The 4 man crews 
show a greater recession of the near point of convergence from exercise day 2 onwards. 
11.4.3.8 Hand grip strength, analysis and results. 
The results appear in Figures 11.62 to 11.68, pp. 248 to 251, and in Tables 11.35 and 11.36, 
pp.A-104 and 105, as follows: 
Table 11.35 Analysis of Variance, p.A-104. 
Table 11.36 Summary of significant selected contrasts, p.A-105. 
Figure 11.62 Maximum hand grip strength, training days, p.248. 
Figures 11.63, 11.64 and 11.65, Maximum hand grip strength for the three times of day, 
pp. 249 and 250. 
Figures 11.66, 11.67 and 11.68, Maximum hand grip strength for the three times of day, 
training effect removed, pp.250 and 251. 
i) Notes on the analysis or hand grip data. 
Statistical analysis was performed omitting data from training days, and recovery days 3,4 
and 5 where only noon sessions were held. 
Interpretation of the training data was complicated by the time of day effect, sessions 7 and 
10 being markedly different from the rest of the training data. Figure 11.62 shows the 
training and baseline data for sessions near midday. The relatively flat mid section covers 
the midday period for training days 4 and 5 where no tests were made. There was a rise of 
approximately 2.5 kg over the training phase. 
Figures 11.63, 11.64 and 11.65, pp. 249 and 250, show an increase in grip strength between 
baseline and recovery. Grip strength was lower at 0400 hrs throughout the exercise. 
Analysis of variance and selected contrasts were carried out on the data from days where 3 
test sessions were held (Tables 11.35 and 11.36, pp.A-104 and 105.) Recovery days 1,3 4 
. and 5 were therefore omitted. Contrasts were against baseline levels of performance. 
Conservative variance ratio tests were used to calculate significance levels. 
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Overall there was no groups effect, nor were there significant groups interactions with days 
or times of day. As expected, times of day and days effects were significant. These are 
explained by diurnal rhythms and the varying workloads throughout the exercise, coupled 
with a linear trend (training effect) as the exercise progressed. 
By recovery, both troops had handgrip strengths significantly above baseline. Figures 11.63 
to 11.65 show large deviations from the trend and these account for the scattered pattern of 
significances in the exercise phase. 
Analysis for a linear trend using orthogonal polynomial coefficients over the baseline and 
exercise where observations were equally spaced, gave statistically significant results at 1200 
hrs for both troops. At 0400 and 2000 hrs, the trends seen in Figures 11.63 and 11.65 were 
not all statistically significant. This is because the sample sizes were small and the deviations 
from the notional trend line joining baseline and recovery were larger. 
The training effect was defined as the slope of a line joining baseline day 1 to recovery day 
2. This effect was subtracted from the data and is shown in Figures 11.66 to 11.68, pp. 250 
and 251. 
ii) Summary of hand grip strength results. 
In summary, handgrip strength increased throughout the exercise. This was assumed to be 
the training effect. Both troops gave similar performance profiles with respect to days and 
times of day. The 0400 and 2000 hr sessions showed a decrease in strength of both troops 
(after removal of the training effect) from day 7 onwards. 
Grip strength was lower at 0400 than at 1200 and 2000 hrs for both troops. 
There was no statistical difference between troops although the 4 man crew troop appeared 
to develop weaker grip strengths than the 3 man crew troop at 0400 hrs as the exercise 
progressed. The removal of the training effect accentuated this difference. 
11.4.3.9 Body temperature measurements, results. 
Figure 11.69, p.252, shows the mean body temperatures of each troop for each measurement 
session. Figure 11.70 shows the mean body temperatures for all the turret crew for each of 
the three times of day. 
Figure 11.69 includes data from training days (sessions 1 to 10), the shakedown exercise 
(sessions 11 to 16), the exercise (sessions 17-52) and the recovery period (53-58). During 
the training phase session timings and the number of sessions varied. Fluctuations in this part 
of the graph do not correspond to fluctuations during the exercise phase. However, the graph 
does show that large fluctuations in body temperature did occur, that there is a daily cycle 
and that this was maintained throughout the exercise. 
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Figure 11.70 shows that for the turret crew the mean body temperature at 0400 MS was 
always lowest, that the 1200 hrs measurement was generally the next lowest and that 
measurements taken at 2000 hrs were generally the highest. 
This is entirely in keeping with circadian rhythm effects. It should be noted that throughout 
the exercise, drivers were found to be colder than turret crew at 0400 hrs. 
11.4.4 Results of measures taken throughout the exercise. 
11.4.4.1 Military efficiency analysis and results. 
Table 11.37 How efficiently the crew performed (raw data), p.A-I06. 
Table 11.38 The effectiveness of the end result, p.A-I07. 
In each case high scores represent good performance. 
The Mann Whitney test was applied to the whole of the data in order to compare the two 
troops' effectiveness and efficiency in performing each activity. 
Attempts made to minimise light and noise were significantly less effective by the 3 man crew 
troop than the 4 man crew troop (p<O.OI). 
The 3 man crew troop were significantly less efficient than the 4 man crew in their activities 
to minimise light and noise, (p< 0.001), in carrying out battlelhide discipline (p < 0.05), and 
in concealment from air and ground (p<0.05). Mean ratings are shown below. 
Mean ratinl!s of militarv efficiencI 
• 
4 man 3 man 
Effectiveness 
Min light/noise 6.0 4.9 
Efficiency 
Min light/noise 6.2 4.8 
Battlelhide discipline 5.5 4.4 
Concealment 5.4 3.9 
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11.4.4.2 Results of off tank activity recordings. 
Table 11.39 
Percental1'e of time snent on each activitt 
• 
. 
Activity Percent of time 
4 man 3 man 
Sleep/rest 25.84 25.56 
MovinglbattJe 45.87 51.37 
Camouflage/dig 4.08 4.41 
Radio watch/sentry 10.15 13.17 
Cook/eat 1.76 1.45 
a groups 1.15 1.10 
Maintenance 3.66 2.08 
Unobserved 7.98 4.39 
The 'unobserved' periods occurred when the scientific monitors lost visual contact with the 
troops. 
Commanders attended a-groups and helped with radio watch. They did not carry out sentry 
duties. Radio watch was also carried out by other turret crew. Auto-maintenance and track 
discipline was carried out mainly by drivers. All crew of the 3 man vehicles helped equally 
with camouflaging. 
11.4.4.3 Results or Simfics measures. 
The data gathered indicated that the recording of Simfics records was incomplete. There was 
also uncertainty as to whether the records were accurate. Therefore statistical comparisons 
could not be made between troops. However, the times of engagements provided cross 
references for the off tank activity recording. 
11.4.4.4 Radio logs. 
These were completed in a satisfactory manner and provided a reference against which all the 
crew and exercise activities were verified when required. The resulting log of messages was 
not analyzed. 
11.4.4.5 Results or MBT internal temperatures. 
Figure 11.71, p.253, shows the internal temperatures for the half hour test sessions. During 
these, temperatures ranged from 10 to 25 degrees C. At other times during the exercise, 
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temperatures ranged from 5.1 to 30.S degrees C. The lowest values were at night when the 
vehicle engines were not running and the highest values were recorded during the days when 
live firing took place. 
11.4.4.6 Results of secondary task of light cancellation. 
Figure 11.72, p.253, gives the mean response times to cancel lights, 3 and 4 man crew 
comparison. 
The 3 man crews cancelled nearly 25% of their warning lights within 1.4 minutes, 45% 
within 4 minutes, 50% within 7 minutes and SO% within 25 minutes. 4 man crews cancelled 
40% of their lights within 1.75 minutes, 50% within 5 minutes and SO% within 15 minutes. 
A student's t test showed no statistical difference in performance of the two troops. 
11.5 DISCUSSION. 
11.5.1 General comments on data quality. 
Very little data was missing. Measures obtained for Endura 2 were much improved compared 
with those for Endura 1. This proved the value of running Endura 1 as a pilot trial. 
Fortunately Endura 2 had been able to accommodate regular half hour measuring sessions as 
well as pre exercise baseline measures and recovery measures. This allowed for better data 
analysis and interpretation. 
11.5.2 The extent to which the 2 troops could be seen as being matched samples. 
The Regiment had matched the two troops in terms of their military backgrounds, but with 
such small samples and so many measures being taken, it was inevitable that there would be 
differences between the troops on some measures. It was clear for example, that eyesight 
characteristics and performance on microcomputer tests differed between the troops. This did 
not affect the interpretation of the scientific measures because comparisons were made in 
terms of change from baseline, rather than in terms of absolute values. 
However, it should be noted that there is always the possibility that if soldiers' performance 
differs at baseline, then the magnitude of performance change with stress might also differ. 
In comparison with someone with high baseline performance for example, someone could 
have relatively low baseline performance on a given activity because they find that type of 
activity difficult, and they have to put more effort into achieving their baseline performance, 
and even greater relative effort to maintain performance within stressful environments. 
Someone fmding the activity relatively easy would show less performance decrement in the 
stressful environment. 
11.5.3 Physiological measures, discussion. 
11.5.3.1 Physiological stress. 
The pre/post exercise physiological changes were smaller for the 3 man crews than the 4 man 
crews. This shows that the 3 man crews suffered less physiological stress, they possibly had 
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less physically demanding work than the 4 man crews. The finding was not a surprise 
because the 3 man crew equipment assumptions should have reduced their physical workload. 
11.5.3.2 Weight loss. 
Both troops suffered an equivalent amount of weight loss during the exercise. They also 
suffered body fat loss. However, the fact that the 3 man crews lost less body fat than the 4 
man crews means that the 3 man crews were more dehydrated. Other measures also indicated 
that the 3 man crews were dehydrated, for example their rapid weight regain by the second 
recovery day. 
11.5.3.3 Physical fitness. 
The fact that there was an increase in the aerobic ~apacity but no change in the oxygen uptake 
heart rate relationship immediately post exercise implies that the upper body physical fitness 
of both troops was improved during the exercise, but measures of this improvement were 
masked by increased fatigue at the end of the exercise. 
11.5.4 Pre post exercise questionnaires, discussion. 
The questionnaire findings were used to help interpret the results of other measures as well 
as giving further background information concerning the crews and their responses to the 
exercise. For example the soldiers were honest enough to admit that they omitted tasks and 
cut short tasks. This explained the lack of radio watch logged for the 3 man crews compared 
with the 4 man crews. Without this admission, the credibility of the respective logged figures 
might have appeared open to doubt. 
Other activity log results were confirmed by the questionnaires, for example the fact that the 
4 man crews maintained their normal task allocations for this exercise, but the gunners and 
drivers of the 3 man crews tended to take the extra non loading tasks of the absent loaders. 
Because the 3 man crews were forced to share more tasks than the 4 man crews, the point 
was made that 3 man crews would benefit from a training regime whereby all crew learned 
the essentials of all crew positions' tasks, thereby enabling better task sharing abilities. 
It was reassuring to find that the questionnaires showed there to be no systematic differences 
between the two troops in terms of experience and average ages. As noted above, other 
measures gave obvious performance differences between troops, for example in 
microcomputer tests, visual fatigue measures and military efficiency. With such small sample 
sizes, drawn from a limited population, it would be impossible to match the troops in terms 
of anything other than their military experience. 
11.5.5 Self reported 'in tank' activity logs, discussion. 
The initial impression from these figures is that the 4 man crews worked harder than the 3 
man crews (in terms of time per troop spent on 'in tank' activities.) A closer look reveals 
that the drivers and gunners of the 3 man crews were busier than the drivers and gunners of 
the 4 man crews. 
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Of the 3 man crew commanders, the troop leader and corporal reported considerably less 
activity, particularly radio watch, than their 4 man crew counterparts. The 2 greatest 
differences in reported activities between commanders of 3 and 4 man crews were radio 
watch and time spent on simultaneous activities (surveillance, radio watch, directing the 
driver. navigation and troop control). 
It may be that these two commanders (the 3 man crew troop leader and corporal), were 
particularly sparse in the way they completed their logs, but even the hours reported by the 
troop sergeant did not deviate from this general pattern. 
It is of interest to note that the troop leader and corporal of the 3 man crew troop were both 
ill with diarrhoea during the exercise and may have needed comparatively more rest in order 
to recuperate. Both in private conversation and during the post trial questionnaire debrief, 
commanders from the 3 man crew troop said they had omitted to do some radio stags. 
As a check on the accuracy of the activity logs, samples of raw data from activity logs were 
examined in conjunction with the plotted off tank data collected by scientific monitors. From 
this it appears that the activity logs tended to be credible and reliable, with soldiers even 
admitting when they had slept when supposedly doing radio watch. 
A more complete picture of crew activity was gained from examining data from 'in tank' 
activity logs in conjunction with scientifically recorded 'off tank' activities. Both measures 
indicated that the 3 man crew troop spent less time 'off tank' than the 4 man crew troop (all 
activities listed as 'other' on the 'in tank' logs were in fact 'off tank' activities.) 
Superficially, it may appear from the activity logs that the 4 man crews spent longer 'in tank'. 
This is because they reported spending longer on 'in tank' activities. However, it must be 
pointed out that some of these activities were carried out simultaneously, and it does not 
necessarily mean that the 4 man crew troops spent longer inside their tanks. In fact, the 
monitored 'off tank' data indicates that the 3 man crew troop spent slightly longer inside the 
tanks. 
This agrees with the finding that the 4 man crew troop commanders did more simultaneous 
activities than the 3 man crew troop commanders. 
In summary, the 'in tank' activity logs indicate that the 4 man crew troop did more 'in tank' 
activities in total than their 3 man counterparts. These total figures are slightly misleading 
because they are heavily biased by the commanders of the 3 man crew troop (two of whom 
were ill for part of the exercise.) 
The 3 man crew commanders reported doing only about 62 % of the amount reported by the 
4 man crew commanders. Much of the difference is accounted for by time spent on 
simultaneous activities and radio watch. 
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Gunners and drivers of the 3 man crew troop tended to be busier than those of the 4 man 
crew troop. The activities that suffered because there were only 3 crew were surveillance, 
radio watch and restowage. 
Despite equipment assumptions and the fact that the 3 man crew did less maintenance in total, 
they still spent an equivalent number of hours per man on this task compared with their 4 
man crew counterparts. 
In conclusion, it would appear that the absent loaders' tasks of surveillance radio watch and 
restowage were not fully covered by the 3 man crew. 
11.5.6 Discussion of subjective measures. 
As the exercise progressed, fatigue effects became more apparent at the 0400 hrs measuring 
sessions. This means that the well documented 'time of day' effect on test performance was 
accentuated. Performance may have suffered at 0400 hrs for various reasons such as physical 
cold, low motivation (this was seen as a stressful time to do the test session and crew often 
made this clear), low physical arousal (soldiers struggled to stay awake during these session), 
low stimulation levels from the surrounding environment, (minimum noise and light levels 
were observed as far as possible), also there were fewer environmental distractions at O4OOhrs 
such as flies and bird song. 
It does appear that the tests were more sensitive at 0400 hrs because fatigue effects were less 
masked by stimulations such as the effects of motivation. 
The overall impressions from these measures are that the 3 man crew felt they worked harder; 
this was indicated by responses to the subjective questions concerning work loading and 
quality. The 3 man crews tended to perform better than the 4 man crews on all tests. From 
day 7 onwards their ratings of their own efficiency declined more so than did the 4 man 
crews. Their sleep pattern was less broken than that of the 4 man crews from day 8 onwards. 
Activity logs indicated the 3 man crew gunners and drivers to be busier than their 4 man 
counterparts. The 3 man crew commanders reported doing fewer activities than 4 man 
commanders, in particular, they reported fewer simultaneous activities. This may have been 
a function of the way in which they completed their activity logs and such a difference would 
be difficult to assess. 
The 4 man crews performed worse than the 3 man crews on most measures. They appeared 
to become more fatigued (visual fatigue shows this). Their sleep pattern became more broken 
from day 6 onwards. Throughout the exercise they appeared more stressed and more aroused 
than the 3 man crews. Their workload profiles were similar to the 3 man crews but they 
tended to rate themselves as being overworked for less of the time. 
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11.S.7 Microcomputer tests, discussion. 
By the time recovery day 6 was reached, all crew performance on 4 choice reaction time and 
code substitution tests was improved compared with baseline days. This means that a training 
effect occurred during the exercise despite the apparent performance asymptotes at the end 
of the pre exercise training phase. 
Throughout training and baseline days, the 3 man crews gave higher scores on all three tests 
compared with the 4 man crews. Therefore it was clear that with innate performance 
differences between the troops, changes in performance in response to the exercise should be 
viewed in terms of performance change from baseline for each troop individually. 
Performance on all 3 tests was influenced by the activities of the exercise, declining 
throughout the exercise with trends being accentuated at the 0400 hrs sessions. Performance 
declined because of the effects of an increasing sleep debt coupled with physically demanding 
tasks as well as the stress of battles which took place from exercise days 4 to 8. These 
effects were accentuated at 0400 hrs because the measuring sessions corresponded with the 
low points of the crew circadian rhythms. Performance on these tests is known to alter with 
circadian rhythms by as much as 20%. 
Notable features of the performance curves are the declines in 3 man crew performance on 
all 3 tests around exercise days 7 and 11. This was probably caused by the fact that they had 
less than 3 hours sleep on day 6 (broken into 3 or 4 naps) and less than 2 hours on day 10 
(broken into 2 or 3 naps). The off tank activity monitoring of sleep indicated that the 3 man 
crew had less sleep than the 4 man crew for these periods. This is not apparently confirmed 
by the self reported logs of sleep because these are not recorded according to days, but by 
time frames of 8 hours prior to each measuring session, whereas the off tank activities were 
logged according to days. 
Off tank activity monitoring shows that the 3 man crews performed more sentry duty per 
person than the 4 man crews, this would have left less time for sleeping. The 4 man crews 
were more physically fatigued because they had to carry out more maintenance than the 3 
man crews. 
With increasing fatigue, there is a tendency for people to show occasionally extended 
response times. This could be because they involuntarily take micro sleeps during their 
activities, or have lapses in their ability to respond. Therefore with the 4 choice reaction time 
test, gaps of over 1 second in the responses were recorded. The number of gaps showed a 
typical inverse relationship with the number of correct responses, and did not in fact lead to 
a more sensitive measure. 
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11.5.8 Discussion or visual ratigue measures. 
11.5.8.1 Lateral phoria measure, discussion. 
Following the exercise, during analysis of the results, further advice on this test was sought 
from the consultant Optometrist at APRE. The following points were made. 
Both troops show an increas~ in exophoria over the exercise days. This trend is more marked 
in the 4 man crew troop. 
An increase in exophoria due to mental or physical fatigue, general debility, anxiety or 
nervous tension would be expected. The constant exertion of small corrective movements to 
maintain binocular poise taxes the fusional reserve. (Duke-Elder, Haines, Cashell and 
Durran). 
There is no obvious reason why the soldiers in the 4 man crew troop have markedly higher 
baseline values for phoria than those of the 3 man crew troop (mean values of 6.8 and 2.4 
prism dioptres respectively). The mean age of both groups was similar, and they are 
presumed to have been visually normal. 
A less experienced crew would presumably be under greater mental anxiety and stress. These 
factors could account for the higher baseline values and subsequent increase in exophoria of 
the 4 man crew troop. 
Morgan (1944) gave a mean value for the population of 3 prism dioptres exophoria. 
However, Saladin and Sheedy (1978) give a mean value of 0.5 prism dioptres exophoria for 
a non clinical, young adult population (SD = 6). If we assume this second population mean 
corresponds more closely to our soldiers, then it can be seen that the mean value for the 
soldiers in the 4 man crew troop falls outside the normal range. 
This possibly accounts for the fact that these soldiers found it more difficult to maintain their 
baseline measurement as they became fatigued, and also show a greater variance in their 
readings. 
Haines (1941) reports a variation in phoria of as much as 8 prism dioptres in some individuals 
over a few weeks due to changes in fatigue, attitude, attention,· nervous tension, etc. 
Individual differences from day to day and moment to moment have been recorded by Scobee 
and Green (1947). They stress that differences in measurements may be due to the technique 
of the examiner. 
Therefore, as the baseline measurements of the two troops were so different, it is not possible 
to conclude that the larger increase in exophoria shown by the 4 man crew members was due 
to their being more fatigued. We would expect those soldiers with more exophoria at the 
start of the exercise to respond differently under conditions of fatigue and stress. 
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11.S.S.2 Near point or convergence, discussion. 
There was an obvious difference between troops from baseline throughout the exercise and 
recovery. The fact that this difference was present at baseline and recovery indicated a 
difference between troops in terms of their eyesight characteristics. If this is taken into 
consideration, the 4 man crew troop shows a recession in near point of convergence, 
indicating greater fatigue effects from exercise day 2 onwards. This difference is accentuated 
at the 0400 hrs measuring sessions. 
Further advice on the results of this test also was sought from the APRE consultant 
Optometrist. The following points were made. 
A recession of the near point of convergence with mental or physical fatigue, overwork and 
anxiety is likely. It is often associated with a reduction in amplitude of accommodation. 
(Duke-Elder, Pickwell, Cashell and Durren). 
The 4 man crew troop show a recession in their near point of convergence during the exercise 
days. Although measurements are erratic, there is a definite recession shown when the troop 
as a whole is considered. 
The inability to maintain a consistent near point of convergence occurs with fatigue. 
Readings on the RAF rule are influenced by the soldier's concentration and motivation. The 
amount of voluntary convergence exerted can vary the results at each measurement session. 
The 3 man crew troop had less recession of the near point of convergence, and more 
consistent convergence amplitudes during the exercise period. This would tend to suggest that 
they were under less stress and suffered less fatigue. However, mean baseline measurements 
for the two troops were different (8.3 cms and 5.3 cms for the 4 and 3 man crews 
respectively). 
Though both would be considered normal in a clinical situation (Morgan 1960 gave a 
population range of 2 to 8 cms for near point of convergence), training and baseline 
measurements for the 4 man crews were also more variable. 
Such differences between the visual parameters of the two groups make it difficult to compare 
their performance in terms of workload and fatigue. 
11.5.9 Hand grip strength, discussion. 
The sensitivity of this measure was diminished by the marked training effect noted for all 
soldiers throughout the exercise. This particular training effect is likely to have been 
localised to the hand performing the test, although the pre/post exercise physiological 
measures also indicated that an overall improvement to physical fitness had occurred 
throughout the exercise. 
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The fact that grip strength was lower at 0400 than at 1200 and 2000 hrs was a result of 
several influencing factors including lower body temperature, lower motivation, lower 
physical arousal levels and the circadian rhythm effect. 
With fatigue effects more obvious at 0400 hrs, the difference between the troops was 
highlighted. That is, the 4 man crews exhibited signs of suffering greater physical fatigue 
than did the 3 man crews. 
11.5.10 Body temperature, discussion. 
The fact that readings for the 4-man crews often peaked at higher values than those of the 3-
man crews, could reflect greater physical activity on the part of the 4-man crews. 
Throughout the exercise, 3 man crews tended towards lower body temperatures than 4 man 
crews. To an extent this would be expected because drivers tended to be colder than turret 
crew at O4OOhrs, and drivers account for proportionally more of the 3 man than the 4 man 
crew troop (one third, as opposed to one quarter). Even so, the 3 man crews were colder 
than the 4 man crews at times other than 0400hrs. This was probably caused by the 
combination of less physically demanding activities (as a result of equipment assumptions, 
confirmed by the off tank activity measures) and less intake of food (as surmised from the 
fact that they had less time for cooking and eating; one of the tasks of the absent loader would 
have been that of cooking.) Low body temperatures affect performance, cold body 
extremities, hands for example directly influence manual dexterity and may reduce 
performance on some computer tasks such as the 4 choice reaction time test. 
Body temperature readings during the exercise confirmed the marked time of day affect seen 
on all the performance measures, and have greatly facilitated interpretation of the performance 
data gathered. It appears that the circadian rhythms remained steady for both troops 
throughout the exercise. The rhythms appeared not to degrade or shift for either troop. 
The body temperatures as recorded for the exercise gave variations with the limits of 
circadian variations, as shown in studies in shiftwork (Colquhoun and Rutenfranz 1980); 
although the effect of environmental temperatures on these readings requires further 
investigation. 
11.5.11 Military efficiency, discussion. 
These measures showed that compared with the 4 man crews, the 3 man crews were less able 
to carry out military duties such as their battle and hide disciplines and concealing their tanks. 
This was probably due to the loss of the crewman from each tank, as this loss has been 
evident in other activities and comments. 
11.5.12 Off tank activities, discussion. 
The 3 man crews spent more time in their vehicles compared with the 4 man crews, this was 
deemed to be partly because of the loss of a crew member, and partly caused by the 
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equipment assumptions which were designed to minimise the amount of maintenance for the 
3 man crews (including maintenance which takes place off tank). In fact the major difference 
between the troops was the fact that the 3 man crews spent less time on maintenance. 
Both troops achieved similar amounts of sentry duty which means that the 3 man crews spent 
more hours per man on this. This was offset to a small extent by the lesser amount of other 
off tank activities, again the result of the minimal amount of maintenance assumed for the 
future generation of tanks. 
11.5.13 Simfics, discussion. 
These data were used mainly as a cross-check against 'off tank' activity recording in terms 
of times at which enemy engagements took place. However, the data gathering was not a 
success. At the very time that crew were having to remember to record their firing activities, 
they were fatigued from battle activities and showing cognitive performance decrements in 
other performance measures. In retrospect it was not ideal to ask them also to record their 
battle activities. Having said this, the measure is potentially useful in terms of assessing 
enemy engagement performance. Therefore the method of data gathering would have to be 
modified for future use. Perhaps it should be partly automated. 
11.5.14. MBT temperatures, discussion. 
These temperatures had been recorded for reference purposes in order to discover whether 
they might have reached extremes, enough to influence crew performance. Fortunately they 
gave no evidence of this. 
11.5.15 Secondary task or light cancellation, discussion. 
This is a measure of the whole crew's ability to respond to an emergency within the vehicle. 
Longer times to cancel lights would have arisen when crew might have been out of their crew 
stations or asleep. Although there is no statistical difference between crews in terms of the 
complete distributions of response times, 4 man crews were able to cancel 50% of their lights 
within 5 minutes, compared with 7 minutes for the 3 man crews. In practical terms, the extra 
2 minutes might only make a difference in the type of emergency involving a fire for 
example. 
11.5.16 General points for discussion. 
11.5.16.1 Equipment assumptions and 3 man crew workload. 
An implicit (but unstated) military aim was that the equipment assumptions should represent 
the future generation of tank design. This would take best advantage of technology and meet 
the needs of a reduced number of crew, enabling them to operate their vehicles effectively 
for at least 2 weeks. 
If the equipment assumptions had achieved their aim, then the 3 man crew would be seen to 
be less physically overworked or fatigued than the current 4 man crews. This is because the 
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reduced crew would need reduced workload to compensate for the loss of effort from the 
missing crew member. 
11.5.16.2 Strengths of the equipment assumptions. 
Evidence from the physiological, body temperature, subjective and visual fatigue measures 
indicates that the 3 man crews were not as physically overworked or fatigued as the 4 man 
crews. Therefore the equipment assumptions could be seen as being successful with respect 
to physically demanding workload. 
11.5.16.3 Areas for improvement in support given to 3 man crews. 
Unfortunately the reduced crews were not able to cover all the tasks normally carried out by 
the loader, such as radio watch and preparing food. Also the 3 man crews had noted in their 
debrief questionnaires that they found camouflage and hide drills more difficult than 
anticipated, especially when being tactical. This was reflected in their performance which 
was scored lower than 4 man crews in terms of military efficiency and effectiveness; almost 
certainly a result of the crew reduction. Also they recorded that they felt their own workload 
increasing, and efficiency declining, from day 7 onwards. Equipment assumptions had 
therefore been less successful in compensating for the crew reduction where tasks such as 
hide drills, radio watch and food preparation were concerned. 
As a consequence of the above weaknesses in equipment assumptions, the 3 man crews spent 
longer per man on radio watch, and the gunners and drivers felt they were more overworked 
than their 4 man crew counterparts. This contributed to their general tiredness such that 
when they were stressed, for example when their sleep was disrupted, their performance was 
affected markedly, and in some cases dropped below that of the 4 man crews, even when 
their baseline performance had been superior (days 7 and 11 for the micro computer tests for 
example.) 
The apparent lack of robustness of 3 man crew performance compared with that of the 4 man 
crews was a direct result of the lack of a crew member. If the performance suffered for a 
single crew member in the 3 man crew, then there were fewer remaining crew to compensate 
for this loss. 
One advantage of the reduced crew was that the commanders reported feeling they had fewer 
crew to consider and therefore in that respect felt less stress. 
11.5.17 Military response to the findings. 
The 3 man crews had been operational throughout the exercise. They had not compared 
unfavourably with the 4 man crews in terms of physical workload and fatigue. Therefore the 
army surmised that there was no need to mount the 3rd exercise. It was deemed that 3 man 
crews were a viable possibility for future tanks providing all the equipment assumptions and 
help with maintenance were available. It had also been acknowledged that the crew would 
need a rapid way to provide themselves with food. 
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It should be noted that preparations for the scientific measures to be implemented in exercise 
Endura 3 had been completed before exercise Endura 2 took place. If Endura 3 ever does 
take place, the measures will be rapidly available for implementation. 
11.6 CONCLUSIONS. 
i) The performance and activity measures were successful. There was very little missing 
data and a coherent indication of crew activities and workload emerged from the data. 
Therefore the aims had been met, both of the exercise, and of the work for this thesis. 
ii) The aims of the exercise had been to compare the activities and performance of 3 and 4 
man MBT crews under the constraints of a realistic tactical field exercise; This was in order 
to provide data to help the army to decide whether it would be feasible to reduce crew 
numbers in future tanks. 
Hi) The fact that this aim had been successfully met was demonstrated when data from 
exercise Endura 2 was presented to the army within a week of the end of the exercise. In the 
light of the fmdings, the army decided that sufficient information had been gained from this 
exercise. Therefore it was not deemed necessary to continue with plans for the 3rd exercise 
(Endura 3). 
iv) The aim of work for this thesis was to implement a package of performance and activity' 
measures which would compare the 'in tank' activities, workload and fatigue of 3 and 4 man 
MBT crews. That this aim was achieved, is demonstrated both with the results presented in 
this chapter, and the task analysis subsequently completed and presented in volume 2. 
v) The army had provided equipment assumptions designed to minimise the workload of the 
3 man crews in order to compensate for the loss of a crew member. This equipment 
assumption design aim was achieved partially. Data from the physiological measures, 
subjective measures and body temperature measures support the fact that the 3 man crews 
were subjected to a lower physical workload than the 4 man crews. 
vi) The above aim was not achieved fully because the equipment assumptions had failed to 
compensate for some non loading tasks such as radio watch and food preparation. This is 
indicated by data from the activity logs and the post exercise debrief questionnaire. Tasks 
such as radio watch and preparation of food account for well over 50% of the loader's time. 
The 3 man crews not only failed to achieve these activities, but they were also aware that 
their own efficiency declined as the exercise progressed. They suffered dehydration as a 
result of inadequate food preparation time, and were impossible to be reached by the radio 
during certain periods when they were all sleeping. 
vii) 3 man crews found hide drills to be more difficult than anticipated and their performance 
was shown to be more vulnerable to the effects of stressors such as fatigue. This was because 
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there were fewer crew to help compensate for each other's failings, and was demonstrated 
particularly on exercise days 7 and 11. 
11.7 RECOMMENDATIONS. 
i) Design of future generations of main battle tanks with reduced crew numbers should 
continue to include features which minimise the physical workload of the crew. 
ii) Hide drills for 3 man crews should be re-examined in terms of easing the tasks involved, 
particularly camouflage techniques. 
Hi) Functions such as radio watch, sentry duty and surveillance should be aided by· 
automation and alerts. Design solutions should be researched carefully to minimise the 
amount of monitoring carried out by crew whilst improving their ability to interpret and 
respond to the alerts. 
iv) The provisions for food should be improved compared with those offered during Endura 
2. They should be re-examined with the following in mind: food preparation time will always 
be minimised and crew will be vulnerable to suffering dehydration. 
v) Should policy reverse, and Endura 3 take place, then the same package of workload and 
activity measures should be used. This would allow for data comparison and combining of 
new and existing data. 
217 
RAF Near Point Rule. 
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Baseline 81,B2 Extended Duty Cycle EI-E12 Recovery RI-R6 
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~ 
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Figure 11.5 
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Figure 11.6 
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Arousal score. 
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Not tested on day RI 
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Figure 11.7 
Arousal score. 
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Mean reRorted number of naRs. 
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Figure 11.10 
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3-man tank 
6 men 
~ 
v; 17. ~ ~ I/: ~ ~ ~ ~ ~ ~ ~ I/: ~ 
% ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ y. ~ 
2 3 .. 5 6 7 6 9 10 11 12 
Extended Duty Cycle EI-E12 
Sleep recorded from 2000 B2; no sleet! rated as 0 
Figure 11.13 
Mean rating of tiredness on waking. 
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Mean sum of 3 sleep ratings. 
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Mean rat1ng of act1v1ty level. 
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Figure 11.20 
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Mean rating of workload. 
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Addition. number correct. 
4--maD tank 
~
No. eorreet 
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i···--····_--···_-· ................... __ .... -_········ ........... . 
r ••..•. J ____ ------'---
r 
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o L-__ ~ __ ~ __ ~ ____ ~ __ ~ __ ~ ____ ~ __ ~_.~ 
TI T2 T3 T4 T5 T6 T7 BI B2 
Training and Baseline days 
Fiqure 11.43 
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150 
100 
4 choice. number correct. 
No. correct 
TI T2 
"-man tank 
12 men 
........ /. ........................................... -::. ............... . 
T3 T4 T5 T6 T7 BI B2 
Training and Baseline day, 
Incomplete dale. !or Se!lSiODS 1,2 & 3; some testa terminated early 
Fiqure 11.44 
239 
Code substitution. number correct. 
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140 F-----::,--------
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Tl T2 T3 T4 T5 T8 T7 Bl B2 
Traininr and Baaellne days 
Figure 11.45 
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-i-man tank 3-man tank 
~ .. ~_!£l.~~. 
No. correct 0400 
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Figure 11.46 
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Extended Duty Cycle El-£12 
Not telled On day. Rt.R3.M & R5 
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Recovery RI-R6 
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Not tested on day Rt 
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Figure 11.48 
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4 choice. number correct. 
No. correct 
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Figure 11.51 
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4--ma.n tank 3-man lank 
12 men .. ~.~.!~_ 
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BaeeUne Bl,B2 
Figure 11.52 
Extended Duty Cycle EI-EI2 
Not test.ed on d8.1t1 Rt, R3, R' & R5 
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Recovery RI-Re 
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Code substitution. number correct. 
4-man ta.nk 3-man. tank 
12 men •. ~.!!:'_I!:~_ 
No. correct 1200 
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......•.... .....•........•.....••.. .l/···· ..•..••....•.• _ ..... ___ ..• ·•········ 
.... ' 
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Not tested OD day RI 
Fiqure 11.53 
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4-man tank 3-man lank 
12 men •. ~.!!l.~~_ 
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Maximum hand grip strength. 
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BI B2 
Maximum hand grip strength. 
k, '" 65 
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CHAPTER 12. 
DISCUSSION. CONCLUSIONS AND RECOMMENDATIONS. 
12.1 DISCUSSION. 
12.1.1 With reference to the aims of the thesis. 
12.1.1.1 Provision of a package of workload and fatigue Indicators for use during field 
exercises; comparison of 2 crewing methods and documentation of 'in tank' activities (ie. 
aims a and b). 
i) From the military viewpoint. 
This aim was achieved. The package of workload and fatigue measures was evolved and 
implemented within the exercises successfully, without causing disruption to the exercises. 
The data, which have been presented in Streets et al., (1987a and 1987b), provided a 
comparison of the activities of 3 and 4 man crewed tank troops. In doing so, it has provided 
(to date), the only existing 'real time' comprehensive set of information concerning 'in tank' 
activities of main battle tank crew, for both 3 and 4 man crews. 
A selection of the data from Endura 2 had been presented to the army within a week of the 
end of the exercise; this had enabled them to come to decisions concerning crew reduction 
in future designs of tanks. Endura 3 was therefore postponed indefinitely. 
ii) From the scientific viewpoint. 
A more satisfactory scientific conclusion would have been achieved by running Endura 3 with 
the same soldiers as for Endura 2, but with the soldiers transposed to play as their opposite 
troop. This repeated measures design would have been most suitable considering the small 
number of subjects involved, and their differing strategies adopted for coping with the 
exercises. 
These aims were also discussed in chapters 8 to 11 of this thesis. 
12.1.1.2 Provision of a Task Analysis which includes an indication of task demands (ie. 
aim c). 
The task analysis was also released as a separate report, Scriven (1991). It was designed to 
be used as a tool, both by designers and ergonomists. Parts of this were used by other 
sections and divisions of APRE whilst still in the draft format and the report has also been 
used by other Defence Research Agencies as well as being supplied to companies in the 
defence industry. The information offered within the task analysis has elicited positive 
feedback from users concerning the information on task demands. 
In future, as equipments become upgraded, the operating procedures will alter and some 
details of the task listings will become dated. Apart from details of task listings, the 
254 
----------------------- - ---- ~ 
remainder of the information within the report is expected to retain its validity and currency 
. until main battle tanks and operating procedures are completely redesigned. 
This aim has also been discussed in chapter 2, and throughout the thesis in chapters which 
describe the exercises from which data was taken for the main task analysis. 
12.1.1.3 General discussion concerning the assessment of workload (ie. aim d)-models 
of workload. 
i) Traditional static model. 
Having reviewed the workload literature and discussed with crew the factors which influenced 
their workload and performance, the author found that she was unable to use the traditional 
static model of workload as a framework to show influences on performance. In particular, 
it could not account for the emotional responses of the operator, his perception of his 
workload and performance, or the relationship between perceived and imposed workload. 
ii) Initial framework used to show factors innuencing performance and perceived 
workload. 
Before compiling the package of measures for use during the exercises, the author had 
evolved a framework (based on the results of the interview studies described in chapters 5 and 
6), to explain which factors were expected to influence performance and perceived workload. 
The activity and workload measures were mapped onto the framework to show which 
influences were to be measured. The framework was initially as shown in chapter 3, Figure 
3.3, p.28. 
iii) Explanation of the Initial framework. 
In the mind of the operator, there are several considerations which influence (and are 
influenced by) his current perception of his workload. Perceived workload influences (and 
is influenced by) performance. This refers to perceived and objectively measured 
performance, both of the operator, and of the system being operated. Performance 
influences, (and is influenced by) the considerations within the mind of the operator. 
With reference to the considerations within the mind of the operator, the following were 
included in the framework so that they could be measured. They were referred to as factors 
influencing performance and perceived workload. Measures appearing in brackets were used 
to examine the factors during the military exercises: 
emotional stress and well being (stress/arousal checklist); 
type and amount of task demands and complexity (questionnaires); 
type and amount of effort being expended/available (questionnaires and team 
secondary task); 
perception of own current performance (estimate of % best); 
fatigue (visual and manual fatigue measures); 
physical and mental activity level (questionnaires); 
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task length, time pressure (activity logs and questionnaires); 
environmental factors (questionnaire and meteorological data); 
It was anticipated that crew comments would give an indication of any other factors not 
covered directly in the questionnaires; such as training, motivation, boredom, morale, team 
cohesiveness and feedback about performance. 
In the initial framework, there was a two way influence between the above factors and 
subjective workload. Subjective workload was measured with questionnaires. There was a 
two way influence between subjective workload and performance. Performance was 
measured with cognitive tests and a measure of military efficiency. 
iv) A simplification of the initial framework. 
Whilst exercise Endura 1 was in progress, performance declined as crew became fatigued, 
but it also became apparent that there were training effects masking the effects of the fatigue. 
The mental and physical resources that crew were able to -expend on their tasks not only _ 
changed slowly and accumulatively with increasing practice, but also rapidly and draStically 
with day to day stressors that affected morale and motivation. 
The initial framework was seen to be inadequate in showing the effects of the influencing 
factors on the resources available. The influences on mental and physical resources have been 
described by the theories of attention, so addressing the resources separately in the framework 
was designed to show how the theories of attention fitted within the framework and measures. 
The effects of relatively stable and unstable influences on resources were separated, and a 
simplification of the initial framework was proposed as being more suitable, see Figure 12.1. 
Dynamic Influences on Performance and Perceived Workload .. 
Practice skills Resources (mental/physical) 
Workload 
Stress morale 
motivation 
Performance 
- I 
Igure 
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12.1.2 Framework for innuences on performance. 
12.1.2.1 The need to include actual (ie, imposed) task demands, system performance 
and external stressors. 
The initial and simplified 'working models' noted above were helpful in terms of providing 
a framework within which to evolve a package of measures for Endura 1 which fought 2 
troops, both of 4 man crews, in parallel against a common enemy. In Endura I, the imposed 
task demands were assumed to be the same for both troops. It therefore was not vital to 
include the imposed task demands into the working model; although the activity logs did serve 
as a time line indication of the tasks the crew performed. 
The resulting log of activities provided the baseline of activities that were required to have 
been covered by the troops in Endura 2. Some of the activities for the 3 man crews in 
Endura 2 were automated, or accounted for by assumptions about the equipment that 
represented future technology. With these aids, the 3 man crews were aiming to achieve the 
same number and duration of activities as the 4 man crews in order to maintain an efficient 
fighting troop. Any weaknesses in the equipment assumptions would have resulted in a 
difference between the actual task demands placed on the two troops. Therefore, to show 
influences on performance, the model used for Endura 2 had a requirement to show actual 
imposed task demands. 
The measure of military efficiency had to be introduced to Endura 2 to show the military 
performance of the troops. This was a system performance measure, (as oppos~1he 
cognitive psychomotor tests which provided indications of individual performance.) The 
performance changes of individuals and teams were clearly different from each other. The 
activities of other team members occasionally masked performance changes of individuals. 
Therefore an indication of system performance was added to the model. 
Factors such as the loss of anticipated bathing facilities, or the arrival of mosquitoes, caused 
dramatic changes in morale and motivation which consequently were reflected in all the 
performance measures. It was decided, therefore, that these 'extraneous factors' should be 
represented in the framework for influences on performance. After careful consideration of 
all the data from the questionnaire studies and Endura 1, the author evolved the following 
framework given in Figure 12.2 (the performance influence loop) showing influences on 
workload and performance for use with Endura 2. 
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12.1.2.2 Perfonnance Innuence loop, (Figure 12.2). 
Performance Innuence Loop. 
1. 
Task demands 
6. 
Resources 
-
2. 
Perceived 
1 workload 
7. 5. 
External Reactive 
stressors influences 
3. 
Individual/team 
performance 
4. 
System performance 
Igure 
i) Box 1. The task. This represents the imposed, actual workload of the task. Actual 
workload would increase for example with equipment failures. One representation of the 
actual task demands would be a time line task analysis with any limitations to time available, 
plus weightings giving anticipated attentional involvement demands. The task demands 
directly influence perceived workload (box 2). The information in the task analysis chapter 
of this thesis addressed task demands of main battle tank crew. Consideration of task 
demands should also include help, tools and equipments available to reduce workload. 
ii) Box 2. Perceived workload. This is measured by subjective measures of workload. It 
is directly influenced by actual task demands. There is a direct 2 way influence between this 
and the mental and physical resources that a person has available to bring to task 
performance, and the person's perception of their own performance (boxes 1,6 and 3). It is 
indirectly influenced by system performance and the person's response to externa! stressors 
(boxes 4 and 5). 
iii) Box 3. Individual/team performance. This is measured by the objective performance 
measures. In the case of the Endura exercises, cognitive psychomotor tests were given on 
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hand held computers, and the performance for whole crews was rated for military efficiency 
and military effectiveness. Individual and team performance is directly influenced by system 
performance and perceived workload (boxes 2 and 4). Resources are allocated to task 
performance according to perceived workload. 
An example with respect to team performance occurred when crew felt the poor quality of 
their intercommunications net made it difficult to work as a team. It also caused the 
commander to feel he had a higher workload in trying to maintain team activities when 
relying on use of the intercom. This problem was most acute when the vehicle was moving 
and engine noise became intrusive. 
Individual and team performance is indirectly influenced by the actual task load, the person's 
reactions to external stressors, and his perception of his own and system performance, as well 
as the mental and physical resources he has available to bring to the task (boxes 1,5 and 6). 
iv) Box 4. System performance. This could refer to a whole troop as opposed to a single. 
vehicle crew, or it could refer to the equipments including the vehicles the crews were using. 
For Enduras 1 and 2, no measures were made of the latter, except when failures occurred and 
these were noted in the exercise log and in crew comments. The former was measured in 
terms of the military efficiency and effectiveness of the whole troops. 
There is a direct 2 way influence between system and individual/team performance as noted 
above, crew also react to system performance in terms of the factors listed in box 5. It is 
indirectly influenced by all the remaining items listed in the model. 
v) Box 5. Reactive innuences. This box was the original set of factors in the initial 
framework of factors influencing performance and perceived workload. It broadly includes 
practice, skills, stress, morale and motivation; details are as for the description in the initial 
framework outlined above. 
The factors in this box alter as a direct response to the level and type of external stressors, 
system performance, and the amount of mental and physical resources available for tackling 
a given task (boxes 4, 7 and 6). They directly influence the amount of mental or physical 
resources available, thereby indirectly influencing perceived workload, and performance of 
the individual, team, and system. They are measured by questionnaires and fatigue indicators 
as described above, as well as physiological measures. Personality influences the way in 
which the reactive factors change. 
vi) Box 6. Resources available. This refers to processing resources (auditory, visual, 
cognitive and psychomotor) available for task completion. Theories of attention apply to this 
box, Wickens (1989). Spare capacity can be inferred with the use of secondary tasks, and 
performance decrements resulting from clashing demands on the resources can be predicted 
using weightings for attentional involvement and the situation outcome matrix. 
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The amounts of resources available directly affect (and are affected by) perceived workload 
and the reactive influences. Resources are allocated to performance according to the person's 
perception of the task demands and the resources available. Hence the resources have an 
indirect influence on performance. 
vii) Box 7. External stressors. These include items such as operating under threat, loss 
of the anticipated bathing facility, prolonged wearing of NBC kit, presence of mosquitoes, 
and anything that could be considered a negative or positive stressor. The stressor level 
reaches a threshold after which the person reacts to the stressors (box 5) and as a result, the 
stressors then indirectly affect performance. 
viii) Application of the performance innuence loop • 
. The performance influence loop was devised as a framework within which to view the 
measures from the Endura exercises. It can apply to a single operator, or to a team of 
operators. The system being examined could be a single vehicle or a whole troop. It 
provides a context for the wide variety of measures and definitions of workload outlined in 
the review of workload literature (chapter 3). 
12.1.3 The need to validate the Performance Innuence Loop. 
The performance influence loop was evolved to include more performance influences than 
those covered by the currently accepted models of workload. It was found to be relevant to 
the applied setting of a militsry field exercise and can be generalised to any situation in which 
workload is being measured, or performance predicted. However, it appears to be relatively 
complex and if simplification were possible, then that would be desirable. Also, if it is to 
be offered as an alternative to the existing models of workload, then a programme of 
experimentation would be necessary to validate the model. Ideally this programme would 
include experiments to discover whether the boxes are in fact separate, and whether they do 
interact with each other in the predicted manner. During such experimentation, specific 
aspects offactors within each of the boxes would have to remain constant whilst other single 
aspects would be manipulated in a controlled manner to see whether their influences conform 
to those predicted by the model. This should clarify whether and how the model should be 
simplified. 
12.1.4 Discussion of the use of Attentional Involvement Weightings. 
12.1.4.1 Limitations with the use of the weightings. 
Weightings for attentional involvement were used within the main task analysis because they 
could be implemented in a straightforward manner from documentation of tasks whilst 
providing a systematic (if unproven) indication of task demands, and by implication, of 
performance influences. As shown in chapter 5, they did not correlate with crew difficulty 
ratings. The performance influence loop would predict this because difficulty ratings relate 
to box 2 of the model (perceived workload) whilst attentional involvement weightings relate 
to box 6 (resources available). 
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The situation outcome matrix was included in the main task analysis to give the indication of 
clashing task demands and presumed performance outcomes. However, there was deliberately 
no attempt to present any further processing of the numbers achieved with the attentional 
involvement weighting system. This is because indications from the correlations carried out 
in chapters 5 and 6 do not support the theory that they are additive. They do not account for 
many influences on performance as noted by crew, and could therefore not be expected to 
give an accurate or consistent prediction of performance. This can be explained by the fact 
that they give an indication of only one aspect of box 6 of the performance influence loop; 
performance being ultimately mediated by several other factors as described by the loop. 
Therefore there is no point in constructing elaborate calculations on the basic weightings. 
12.1.4.2 Validation of the situation outcome matrix and attentional involvement 
weightings. 
The concept of a situation outcome matrix is of potential value in terms of performance 
prediction. There are many combinations of activities which can be carried out 
simultaneously, but some that can not. However, the existing situation outcome matrix 
• remains un-validated. A series of investigations is required to examine systematically 
combinations of task demands. This should resolve which demands clash, which 
combinations of demands can eventually be carried out with practice, and which demands do 
not interfere with each other. Where it is found that demands clash, then the resulting types 
of performance decrements should be clearly documented for inclusion with the matrix. This 
could be ultimately incorporated into a simplified guide for designers or others interested in 
human performance and error. 
A starting point for the above would be to take and analyze tasks that are already known to 
cause performance problems. The weightings for attentional involvement also should be 
systematically investigated. For example, secondary tasks could be used to confirm the 
assumed hierarchy of weightings for each resource demand. 
12.2 CONCLUSIONS 
12.2.1 The aims of this thesis. 
The aims of this thesis were achieved. The package of measures was able to show the 
strategies adopted by crews to cope with the demands of the military exercises and these were 
outlined in chapters 9 and 11. It was recognised that a more satisfactory scientific balance 
would have been achieved if Endura 3 had taken place with the same players playing their 
opposite troop positions. This would have been feasible because the loaders of the 3 man 
crews were present in the guise of auto loaders. Even though sample sizes were small and 
Endura 3 did not take place it was agreed that the results were valid. 
12.2.2 Activities of 3 and 4 man crews, conclusions. 
The package of measures gave a comparison of 3 and 4 man crew activities and workload. 
The 3 man crew maintained vehicle fightability at the expense of hide routines, radio watch, 
start up procedures and preparation of food. Therefore if future vehicles operate with 3 man 
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crews, supporting facilities would be required to help crew with the above activities. Such 
support might consist of automation, simplification of the task, or services carried out by 
other people such as maintenance crews. Evidence indicated that both 3 and 4 man crews lost 
body fat during the exercise, but the 3 man crew also became dehydrated, possibly as a direct 
result of having less time to prepare their rations. 
12.2.3 Measurement of workload. 
The Performance Influence Loop was offered to provide a framework for existing measures 
of workload, also to show major influences on performance (as reported by crew). It is 
deemed more suitable for applied studies such as field exercises, than current models of 
workload such as Hart (1987), which were not intended to take account of the interaction of 
major influences on performance that occur during military exercises. 
The main task analysis of the thesis included the use of weightings for attentional 
involvement. It was concluded that these weightings were not additive and therefore should 
not become the basis for complex calculations in order to produce numeric outcomes 
comparing task demands. It was also concluded that the approach of using a situation 
outcome matrix would be an acceptable method for prediction of performance outcomes. 
However it was noted that such a matrix should be arrived at after systematic studies of the 
interaction of resource demands. The current matrix should be validated with such a series 
of studies. 
12.3 RECOMMENDATIONS 
12.3.1 Operations of 3 man crews. 
If future main battle tanks operate with 3 man crews, the whole system should be examined 
and all requirements covered, for example there should be provision for help with 
maintenance, hide routines, radio watch and food preparation. This help could be via 
automation, task simplification, or from other personnel. Also, care should be taken to 
minimise the likelihood of dehydration resulting from decreased intake of appropriate food. 
12.3.2 Attentional involvement weightings. 
Attentional involvement weightings should be validated and not become the subject of 
complex calculations to enable comparison of task demands. Instead, a situation outcome 
matrix should be constructed based on systematic investigations of resource loadings and their 
interactions, especially those that are shown to clash. 
12.3.3 Performance influence loop. 
i) The performance influence loop should be used as a framework for the investigation of 
workload issues, especially in field exercises where it is difficult to control for a large number 
of influences on performance. 
ii) The performance influence loop should also be the subject of validation experiments. 
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ANNEX 7.1 
The following tables show Attentional Involvement (AI) scores for motor, cognitive and 
perceptual (MCP) loading as follows: 
V - visual 
A - Auditory 
C - Cognitive 
M - Motor. 
Condition 2, engagement of static target. 
Serial Task V A C M 
1 Select armament - - 2 1 
2 Identify target - - 3 3 
Report 
3 Lay MBS mark on target 4 - - 4 
4 Lase and Report 3 - 2 3 
5 Autolay - - - 1 
6 Report Firing 
- - -
3 
7 Fire 4 - 2 1 
Total AI scores 11 - 9 16 
LJlttlcutty rating o· crew - easy. Y 
MCP load as indicated by AI scores - low. 
Comments 
, 
Speed stress rating by crew - high (because of high motivation to achieve a low engagement 
time). 
A -I 
. 
ANNEX 7.1 (continued.) 
Condition 3, engagement of slow moving target. 
Serial Task V C A M Comments 
1 . Select armament 
- -
2 1 
2 Identify target 
- - 3 3 
Report 
3 Lay MBS mark on target 4 - - 4 
4 Track target " 3 
-
2 4 Slow movement of 
target 
5 Lase and Report 3 - 2 3 
6 Autolay 
" 
- - -
. 1 
7 Check ellipse position 4 - 2 1 . 
8 Report Firing - - - 3 
9 Fire 4 
-
2 1 
Total AI scores 18 
-
13 20 
)itt1cult ratln b1 crew - medium. y g Y 
MCP load as indicated by AI scores - medium. 
Speed stress rating by crew - medium (paced by slow movement of target.) 
A-2 
ANNEX 7.1 (rontinued). 
Condition 4, engagement or rast moving target, various ammunitions. 
Serial Task V A C M Comments 
1 Listen for ammunition 
-
3 
- -
required 
2 Select armament - - 2 1 
3 Select ammunition 
- -
2 . I 
. 
. 
4 Identify target - - 3 3 
Report 
5 Lay MBS mark on target 4 - - 4 Fast movement of 
target makes this 
difficult 
6 Track target '3 - 2 4 As above. 
7 Lase and Report 3 - 2 3 
8 Autolay - - - 1 
9 Check ellipse position 4 - 2 4 
10 Controlled lay 4 - 2 2 As above 
II Report Firing 
- - -
3 
12 Fire 4 
-
2 1 
Total AI scores 
. 
22 3 17 27 
JIttICUlty ratmg oy crew - olfhcutt. 
Mep load as indicated by AI scores - high. 
Speed stress rating by crew - medium (paced by fast moving target). 
A-3 
ANNEX 7.2. 
Details of tapes used for the secondary task. 
Condition I. radio only. 
Radio Messages. 
SABOT TANK ON. HESH. 
I 
SABOT TANK ON. 
Gunner, radio check, over. 
SABOT TANK ON 
Gunner, message, over. (pause.) The target that was at WoodbridgeCopse 5 minutes ago, 
has re-appeared. Where was the target? Over. 
SABOT TANK ON, MOVER. 
Gunner, message, over. (pause.) Enemy patrol moving east along the track at grid reference 
431 969 will be dealt with. Confirm grid reference, over. 
HESHTANKON 
Gunner, radio check, over. 
Gunner, radio check, over .. 
SABOT TANK ON 
Gunner, radio check, over. 
HESHTANKON 
Gunner, message over. (pause.) The artillery are firing at target number Zulu Tango 6176 
at 1600 hours. Confirm target number, over. 
SABOT TANK ON Gunner message over. (pause.) The signal message timed at 21 1432 
Zulu has not been acknowledged. Confirm date time group of signal message, over. 
A-4 
., 
I 
SABOT TANK ON MOVER. 
Gunner radio check over. 
HESH TANK ON Gunner message over (pause.) Call sign 32 Alpha is moving to grid 
reference Alpha Hotel. Romeo Sierra Oscar from Hangman's hill. Confirm new grid 
reference, over. 
HESH TANK ON. 
• 
A- 5 
Condition 2 
FIN TANK ON 
(2 minute pause.) 
Gunner, radio check, over. 
DSTTANKON 
Gunner radio check, over. 
FIN TANK ON 
(2 minute pause.) 
ANNEX 7.2 (continued). 
Gunner message over. (pause.) The signal message timed at 07 14 26 Zulu has not been 
acknowledged. Confirm date time group of signal message, over. 
SABOT TANK ON MOVER. 
Gunner, message over. (pause.) The artillery are firing at target number Zulu Tango 2149 
at 0400 hours. Confirm target number, over. 
FIN TANK ON 
Gunner message over. (pause.) Call sign 32 Alpha is moving to grid reference Hotel 
Foxtrot Sierra Golf Romeo from Hangman's hill. Confirm new grid reference, over . 
FIN TANK ON 
(2 minute pause) 
FIN TANK ON Gunner, radio check over. 
Gunner radio check over. 
HESH TANK ON MOVER Gunner, message over. (pause.) Enemy patrol moving east 
along the track at grid reference 241 362 will be dealt with. Confirm grid reference over. 
FIN TANK ON MOVER. 
A- 6 
ANNEX 7.2 (continued). 
Condition 3 
FIN TANK ON MOVER 
Gunner radio check over. 
FIN TANK ON MOVER Gunner message over. (pause.) Call sign 32 Alpha is moving to 
grid reference Romeo. Oscar Delta Foxtrot Hotel from Hangman's hill. Confirm grid 
reference, over. 
FIN TANK ON MOVER. Gunner, radio check, over. 
FIN TANK ON MOVER. Gunner message over. (pause.) We are told that India 21 Charlie 
will be supporting us. Confirm call sign over. '. 
FIN TANK ON MOVER Gunner, message over. (pause.) The signal message timed at 15 
0852 Zulu has been acknowledged. Confirm date time group of signal message, over. 
FIN TANK ON MOVER. 
Gunner radio check over. 
FIN TANK ON MOVER. 
(pause 2 mins) 
Gunner radio check over. 
FIN TANK ON MOVER Gunner message over. (pause). Enemy patrol moving east along 
the track at grid reference 342 291 will be dealt with by call sign India 21. Confirm grid 
reference over. 
Gunner radio check over. 
FIN TANK ON MOVER. Gunner message over. (pause.) The artillery are firing at target 
number Zulu Tango 5132 at 1400 hours. Confirm target number over. 
FIN TANK ON MOVER. 
A-7 
ANNEX 7.2 (continued). 
Condition 4. 
SABOT TANK ON MOVER 
Gunner radio check over. 
HESH TANK ON MOVER. Gunner message over. (pause.) The next target to be fired at 
is Zulu Tango 7241 at 1300 hours. Confirm target number over. 
DST TANK ON MOVER. 
Gunner radio check over. 
Gunner radio check over. 
HESH TANK ON MOVER. 
SABOT TANK ON MOVER. Gunner radio check over. 
FI!" TANK ON MOVER Gunner message over. (pause.) The signal message timed at 04 
09 08 Alpha has not been acknowledged. Confirm date time group of signal message over. 
SABOT TANK ON MOVER. Gunner message over. (pause.) Enemy patrol moving south 
along the valley at grid reference 423 714 will be avoided by call sign India 21. Confirm 
grid reference over. 
DST TANK ON MOVER. Gunner message over. (pause.) Call sign 32 alpha is moving 
to grid reference Alpha Golf Oscar Romeo Sierra from Scar Point. Confirm new grid 
reference over. . 
Gunner radio check over. 
HESH TANK ON MOVER. Gunner message over. (pause.) H hour is at 0530 and the start 
tine is the track in front of us. Confirm H hour over. 
SABOT TANK ON MOVER. 
A-8 
ANNEX 7.2 (continued). 
Condition 5. Radio only. 
HESHTANKON 
Gunner ra~io check over. 
SABOT TANK ON MOVER. 
Gunner radio check over. 
HESH TANK ON Gunner message over. (pause.) Enemy patrol moving past the buildings 
at grid reference 612 345 will be dealt with. Confirm grid reference over. 
DST TANK ON Gunner message over. (pause.) Call sign 32 Alpha is moving to grid 
reference Alpha Echo India Lema Delta from Hangman's hill. Confirm new grid reference. 
over. 
Gunner radio check over. 
DSTTANKON 
HESH TANK ON Gunner radio check over. 
SABOT TANK ON Gunner message over. (pause.) The target that was at BuHbarrow hill 
5 minutes ago has reappeared. Where was the target? Over. 
DST TANK ON Gunner message over. (pause.) The artillery are firing at target number 
Zulu Tango 7241 at 1800 hours. Confirm target number over. 
Gunner radio' check over. 
SABOT TANK ON MOVER. Gunner, message over. (pause) The signal message timed 
at 17 1422 Alpha hils not been acknowledged. Confirm date time group of signal message 
over. 
SABOT TANK ON. 
A-9 
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ANNEX 9.1 
PRE EXERClSE QUESTIONNAIRE 
All information a.nd performance measures will be treated 1n confidence 
and no individual I 8 data w1ll be disclosed ot' discussed. 
Subject Name: •••• , •••••••••••• , •••••••••••• Subject No: eLl 
Cdr Gnr Ldr Dvr 
Crew Station: 
2 3 4 
1. What is your usual role 1n a tank crew/troop/squadron? 
, ..................................................................... . 
2. Time on tanks: 
3. Time in present crew station: 
4, Extent of experience operating tank .... here the terrain and target 
location possibilities are usually familiar? 
exercise & location weeks 
...................................................... 
5. Extent of experience operating tank tactically on unfamiliar 
terrain? 
exercise & location weeks 
...................................................... 
A -10 
APRE No 
I I 1:1 
1-4 
5-6 
7 
1=C1 8-9 
10-11 
12-13 
i 
I 
IIII 20-21 
, 
I 
ANNEX 9.1 
6. Extent of experience working closed down? 
type of exercise 
.......................... 
No of times 
I I I I Averafe hrs I 
I~ .......................... · ........................ . 
• •••••••••••••••••••• I •••• 
7. Extent of experience detecting real targets in the field? 
course/exercise 
days 
• .••.••••••••••••• ,. • • • • • • • • • • •• • • •• • • ••• • • ••• • • • • • •••• • ! I 
· ...... , ................................... , ........... . 
· ... , .................................................. . 
.......... '" .......................................... . 
A-ll 
eCI 22-30 
1=C1 31-39 
1=C140-48 
1=C1 49-57 
1=C1 58-62 
1=C1 63-67 
1=C1 68-72 
1=C1 73-77 
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8. Extent of experience on exercise using SIMFIX or SIMFIRE? 
course/exercise 
days 
........................................................ I I 
...................................................... , . 
........................................................ 
••••••••••••••••••••••••••••••••••••••••• I •••••••••••••• 
9. Which of the following duties do you think each crew member would 
normally do? 
ON VEHICLE duties: 
Cd r G nr Ld r D vr 
Start up drills ............... 
Surveillance · ................. 
Direct driver · ................ 
Read map/navigate ... , ......... 
Radio ......................... 
Troop control · ., .............. 
Encodel decode · ............ '" . 
Range cards ... '" ............. 
Target ident · ................. 
Target engage · ..... '" ........ 
Observe Gnr/Ldr · .. , ... , .... , .. 
Update computer · .............. 
Test equipment ................ 
Maintenance/service ........... 
Misfire drills '" .... '" ...... 
Stoppage drills · .............. 
Cooking ....................... 
Monitor NEe eqpt .............. 
Loading ............... " ...... 
Re-s tow Ammo · ................. 
Dr1ving .... , , ................. 
Other duties · ......... , ....... 
(please specify) 2 3 4 
A-12 
Card 2 
APRE No 
I I I 
1-4 
1=C1 5-9 
1=C1 10-14 
1=C1 15-19 
1=C1 20-24 
1= 25 26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
-~I 
47- 8 
OFF VEHICLE duties: 
Track discipline ••••••••••.••• 
Digging .•..••.•••••••••••••••• 
Camouflage ••••••••••••••••.••• 
Tent •••••••••••••••••••••••••• 
Line Laying ••••••••••••••••••• 
Veh manoeuvres •••••••••••••••• 
Recce ••••••••••••••••••••••••• 
Sentry •••••••••••••••••••••••• 
NBe Sentry •••••••••••••••••••• 
Use Binos ••••••••••••••••••••• 
Cupola •••.•••••••••••••••••••• 
Head out ••.••.•••••••••••••••• 
Telephone •••••.••••••••••••••• 
Radio •••••••••••.••••••••••••• 
Coding •••••••••••••••••••••••• 
Track bashing ••••••••••••••••• 
Gun maintenance ••••••••••••••• 
eFt ••••••••••••••••••••••••••• 
Automotive maintenance •••••••• 
Decontamination •••.••.•••••••• 
Running replen ••••••.••••••••• 
Hide .•. 0 •• 0.0 ••••••••••••• 0 •• 0 
Ammo replen .0.0 ••••••••••••••• 
Fuel replen .•••••••••••••••••• 
Food replen ••••••••••••••••••• 
o Groups •••••••••••••••••••••• 
Map read •••••••••••••••••••••• 
Logs/rosters ••••••••• t •••••••• 
Cook •••••••••••••••••••••••••• 
Any other duties? 
(please specify) 
ANNEX 9.1 
Cdr Gnr 
2 
A -13 
Ldr Dvr 
3 4 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
-::Cl 
79-80 
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FINAL DEBRIEF QUESTIONNAIRE 
Subject Name: ••••••• t •••••••••• t.. .... ..... Subject NOI 1=C1 
1. Whieh of the following duties did each crew member ACTUALLY 
PERFORM during the trial? 
ON VEHICLE duties: 
Start up drills ••••••••••••••• 
Surveillance •••••••••••••••••• 
Direct driver •••••• , •••••••••• 
Read map/navigate ••••••••••••• 
Radio ••••••••••••••••••••••••• 
Troop control ••••••••••••••••• 
Encode/decode ••••••••••••••••• 
Range cards ••••••••••••••••••• 
Target 1dent •••••••••••••••••• 
Target engage ••••••••••••••••• 
Observe Gnr/Ldl' ••••••••••••••• 
Update computer ••••••••••••••• 
Test equipment •••••••••••••••• 
Maintenance/service ••••••••••• 
Misfire drills •••••••••••••••• 
Stoppage drills ••••••••••••••• 
Cooking ••••••••••••••••••••••• 
Monitor MBe eqpt •••••••••••••• 
Loading •••••••• I •••••••••••••• 
Re-stow Ammo •••••••••••••••••• 
Driving ••••••••••••••••••••••• 
Other duties •••••••••••••••••• 
(please specify) 
Cdr . Gnr Ldr 
2 3 
A-14 
Dvr 
4 
Card 
APRE 
I I 1-4 
5-6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
3 
No 
I 
-=Cl 
29-30 
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",' 
OFF VEHICLE duties: 
Track discipline •.•••••••••••• 
Digging ••••••••••••••••••••••. 
Camouflage •••••••••••••••.•••• 
Tent •••.•••.•• •••••••••• -.~ •••• 
Line Laying ••••••••••••• ~ .~ •••• 
Veh manoeuvres •••••••.•• ~" ••••• 
Recce .•••••••••••••••.•••••••• 
Sentry •••••.•••••••••••••••••• 
NBC Sentry •••••••••••••••••••• 
Use Binos •..•••••••••••••••••• 
Cupola ••••.••••••••••••••.•••• 
Head out •••••••••••••••••••••• 
Telephone ••••••••••••••••••••• 
Radio ••••••.•••••••••••••••••• 
Coding •••••••••••••••••••••••• 
Track bashing ••••.•••••••••••• 
Gun maintenance ••••••••••••••• 
CFl' ••••••••••••••••••••••••••• 
Automotive maintenance •••••••• 
Decontamination ••••••••••••••• 
Running replen •••••••••••••••• 
Hide ••.•••••••••.••••.••••.••• 
Ammo rep le n ••••••••.•••.•••••• 
Fuel rep len ••.•••••.•.•..•.••• 
Food replen •••.••••••••••••••• 
o Groups •••••••••••••••.••.••• 
Map read •••••••••••••••••••••• 
Logs/rosters •••••••••••••••••• 
Cook •••••••••••••••••••••••••• 
Any other duties? 
(please specify) 
............. 
Cd r G nr 
2 
A-IS 
Ld r Dv 
3 4 
r 
:= 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
SO 
51 
52 
53 
54 
55 
56 
57 
S8 
S9 
60 
-:=:Cl 
61-62 
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2. What equipment design modifications would improve your job? 
· ......................... , ................ , ....................... , , .. . 
3. What vehicle design modifications would improve your job? 
.............................. , ........................................ . 
4. What tool design modifications would improve your job? 
· ...................................................................... . 
Yes No 
5. Had you been trained to do the jobs you did? 1---=r=1 
If NOT, which jobs? 1 2 
.... " ................................................................. . 
· ...................................................................... . 
· .......................................... , ........................ , . , . 
· ....... ,J ........... , .•..........••...........•......•...•.....•......•.. 
• ••• , ••••••••••••••••• 0 0 •••• 0 ••• 0.000. '00 ••••••••••••• , •••••••• 0 •••••••• 
YOUR WORKLOAD 
Yes No 
6. Were you at any time overworked? 1---=r=1 
1 2 
7. Do you have any recommendations for redistributing your workload 
to achieve greater efficiency? If so, please explain. I i 
, ••••••• o •• 0 •••••••••••••• 0 0 •••••••••••• 0000 ••••••• 0000 ••••••••• ooo.oo •• ! 
• •••••• 0 •••••••••••• 0 •••••••••••• o ••• 0. 0 •••••••• 0.0 ••••••• 0 •••• 0 ••••• 0.0/ 
•••• 0.0 ••••••••••• 00 ••••••••••• 0 •• o •••••••••• 0 • 0 0 •••••••• 0 ••• 0 ••••••••• '! 
8. Was your work ever light enough to let you help other crew members?' 
If so, please explain when? 
duty why and how often 
• •••• , •• , ••••••••• 0.0 •••••••• 0 •••••••• 
•• " ••• 0 •••••••••• 00 •• 0 0 • , •••• 
••••• '" ••••••••••••••• 00 •••••• 0.0 •••• 
..0 ••••••••••• '" ••••••••• 0 ••• " 
••••••••••••••• " ••••• 0 •• , •••••••••••• 
.0 ••••••••••••••••••••••••••• 0" 
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Card 4 
APRE No 
I ! I 1-4 
CCI 5-6 
I =:Cl 7-8 
11 
I =:Cl 12-13 
1::C1 14-15 
1::C1 16-17 
I =:Cl 18-19 
1::C1 20-21 
22 
1-'1 TI24 
1::C1 25 26 
1;r;1 
III II129-32 
III III33-)c 
III III37-4C 
ANNEX 9.1 
9. What jobs did you find tiring? 
job Why and how often 
10. What tasks (1f any)' did you omit' or short-cut, to get the job done? 
task omit short-
cut 
· .................................... . 
· ... , ................................ . 
· .............. , .. , .................. . 
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[Cl 
III 
III 
III 
II14l-44 
II145-4e 
II149-52 
II153-5c 
III II157-6C 
61-62 1=C1 63-64 
165-66 1=C1 
: 67-68 
I 
i 69-70 1=C1 
i 71-72 
! 
i 
1 73- 74 1=C1 ! 75-76 
I 4 I 
79 
ANNEX 9.1 
11. Did any event make you feel more stressed than usual? 
If so what? 
· ...................................................................... . 
· ...................................................................... . 
12. How did you feel at the end of the exercise? 
Fit Had 
I 
enough 
I 
Exhausted 
I 
1 2 3 
13. How much longer could you have continued? 
I.es~ than a day 1=1 
A day 1=1 2 
A few days 1=1 3 
A week 1=1 4 
Over a week. 1=1 5 
14. Which of your crew tasks did you find particularly satisfying? i 
! , 
· ..........•••.......••••.•. " •.........•.•..•••..•••...••.•••••.••..•.. ! 
, 
••..•.••••••••••••.•.•••••••••••••••••••••••••••••••••••••••.••••••••••• ! 
· ....................................................................... . 
A-IS 
Card 5 
APRE No 
I I I 
1-4 
CCI 
5-6 
7 
B 
CD 
9-10 
------_1 
ANNEX 9.1 
TEAM WORKLOAD 
15. What equipment modifications would improve team work? 
· ...................................................................... . 
· ......................................... , ............................ . l=rl 
11-12 
16. What vehicle modifications would improve team work? 
· ...................................................................... . 
· . '" .................................................................. . 
17. What tool modifications would improve team work? 
· ...................................................................... . 
• ••••• , ••••••••••••••••••••••••••••••••••••••••••••••••••• I ••••••••••••• 
18. What operating procedure modifications would improve team work? 
· ...................................................................... . , 
· ...................................................................... . 
Yes No 
1=C1 
. 1 2 I 
Please specify ••••••••••••••••••••••..•••.••••.••••.••••••••••••••••••• ! 
19. Was there anything that made It difficult to 
work as a team? 19 
I 
· .. " ................................................. , ............. ... '1 
20. Did other Cl·ew members help you to do your duties? 
duties 
Cdr Gnr Ldr Dvr 
, ................................... 11 22 l=rl ! 23-24 
· ................................... I! 25 l=rl , 
26-27 
........................... , ........ I 28 l=rl 
29-30 
.................................... I. 31 l=rl 
32-33 
· ................................... 34 l=rl 2 3 4 35-36 
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21. Please comment on each crew members workloads, as you saw it. 
under worked I 1ust rhht over worked 
Commander 
Gunner 
Loader 
Driver 
I 2 3 
22. Could a ny crewman have helped you, but did not do so? 
on Job Cdr Gnr Ldr Dvr 
· ............ ................... I I I 
occasi 
· ............ ................... I I I 
· ............ ................... I I I 
· ............ . .................. I I I 
I 2 3 4 
A·20 
41 
46 
51 
56 
37 
38 
39 
40 
IIIJ] 
42 45 
I :::o:::r:: I 
47 50 
I:::o:::r:: I 
52 55 
ITIII 
57 60 
I 5 I 79 
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23. When did other crewmens jobs interfere w1th your own? 
occasion task Cdr Gnr Ldr Dvr 
.................... · ...................... I I 
.................... · ............ " ........ I 
.................... · ............. " ....... 
.................... · ...................... 
2 
24. What situations did you find it difficult to cope with and 
how often? 
3 
up to over 
situation once twice 5 
.... , . , ............... , ......... , ..... .. ·1 I I 
........................................ I 
· ....................................... I 
· ....................................... I 
· ....................................... I 
1 2 3 
25. At the end of the Exercise was the crews efficiency? 
26. Row long could the CREW have carried on? 
excellent 
good 
average 
poor 
hopeless 
less than a day 
a day 
a few days 
a week 
over a week 
A -21 
5 
4 
I 
I 
4 
dailz 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Card b 
APRE No 
I I I 
1-4 
5 I::II:CI 
6 9 
10 I::II:CI 
11 14 
15 I::II:CI 
16 19 
20 I::II:CI 
21 24 
251TI 26-27 
281TI 29-30 
311TI 32-33 
341TI 35-36 
371TI 38-39 
40 
41 
ANNEX 9.1 
THE APRE TESTS 
27. How did you feel about the tests during the half-hour stops? 
enjoyed 
liked 
don't mind 
didn I t like 
strongly disliked 
28. What comments do you have about these tests? 
1 
2 
3 
4 
5 
· ...................................................................... . 
· ...................................................................... . 
.................................................................. '" ... 
29. How did you fill in your activity log? 
as you went along I 1321 during baIts 
at longer intervals 
Describe any problems you had filling in the log •••••••••••••••••••••• 
· ................. , .................................................... . 
· . , .................................................................... . 
... " ........ '" ....................................................... . 
A-22 
42 
CC! 
43 44 
45 
I =.cl 
46 47 
I 6 I 
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DAY eR S No Tk Tp' TIHF. 
IIII-IIIITJII i.OADER 
1 
LOADER 04.00 04 30 05.00 05 30 06.00 06 30 07.00 07 30 . 08.00 
1 Start-up-dr ills 
2 Surveillance 
3 Direct driver 
4 Read ma nav! ation 
5 Radio 
7 Encode decode 
8 Ran e cards 
14 Ma intenance 
15 Misfire drills 
19 Loading 
20 Stoppage drills , 
21 Restow Ammo 
16 Cooklng/eatin~ 
17 Ablutions 
Other {specify) 
I11 I11 11 I11 
'I' 
"' 
I11 I11 
.. " ..... , .................. 
....................... .. 
· ......................... 
25 29 IJ3 37 41 45 49 53 56 
Example of Loader's Activity Log Card 
DAY CR S No Tk rp TIME 
I I I I I I I I I I I I 
1 
SPEEDO READING AT: TIME 
I I I I I 11 I I I I 
12 16 17 20 
DRIVER 
DRIVER 04.00 04 30 05.00 05 30 06.00 06 30 07.00 07 30 08.00 . . 
I Start-u drills 
2 Surve illsnce 
5 Radio 
8 Range Cards 
9 Target 1dent if feat Ion 
21 Restow Ammo 
22 Driving Cross country 
23 Driving Road 
24 Aux~enerator 
25 Main Eng-Tank static 
26 Main En -Tank mov!n 
16 Cook!n eat!n 
17 Ablutions 
Other (specify) 
"' "' 
III 11 
"' 
III ILl 
" 
· ........................ 
.. . . .. .. .. ... .. . , ........ 
· ........................ 
25 29 33 I> 41 145 149 I' 5 
Example of Driver's Act !vHy Log Card 
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Examples of short questionnaires given during the half hour mensurlng periods. 
These were printed on AS sized card. 
1. Subject No •••••••••••••••••••••••••• Session No .................. 
RELAXED t+ + ? TENSE t+ + ? 
RESTFUL t+ + ? ACTIVE t+ + ? 
APPREHENSIVE t+ + ? WORRIED t+ + ? 
ENERGENTIC t+ + ? DROWSY t+ + ? 
UNEASY t+ + ? BOTHERED t+ + ? 
DEJECTED t+ + ? DISTRESSED t+ + ? 
NERVOUS t+ + ? VIGOROUS t+ + ? 
PEACEFUL t+ + ? TIRED t+ + 
IDLE t+ + UP-TIGHT t+ + ? 
ALERT t+ + LIVELY t+ + 
CONTENTED t+ + ? CHEERFUL t+ + ? 
SLUGGISH t+ + ? JITTERY t+ + ? 
SLEEPY t+ + ? PLEASANT t+ + ? 
CALM t+ + ? COMFORTABLE t+ + ? 
ACTIVATED t+ + ? STIMULATED t+ + ? 
Sub Stn Tp Crew Day Session S A Time tested 
2. No: of hours sleep(to nearest t hr) 
General quality of sleep: Easy to get to S 
Broken 8 
Heavy 8 
Wake up t 
Easy to ge 
On the whole excel 
leep 
leep 
leep 
fred 
t up 
lent 
Work: was your work Physically Exhausting 
Mentally exhausting 
Very Boring 
Were you very active 
Was your work very easy 
Was your workload very light 
Did you feel overloaded. Never 
Special difficulties unusual happenings? 
A·24 
, 0 
1 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 456 
1 2 3 4 5 6 
1 2 3 4 5 6 6 
I 2 3 4 5 6 7 
I 2 3 4 5 6 
I 2 3 4 5 6 7 
I 2 3 4 5 6 7 
I 2 3 4 5 6 7 
1 2 3 4 5 6 7 
1 2 3 4 5 6 
1 2 3 4 5 6 7 
sleep periods III 
Difficult to get to sleef 
Unbroken sleep 
Light sleep 
Wake up refreshed 
Difficult to get up 
Terrible 
PhYSically relaxing 
Mentally relaxing 
Very interesting 
Very 'idle 
Very difficult 
Very heavy 
Most of the time 
Comments on duties or workload? 
. 
ANNEX 9.2 
f)AY Cl( S No Tk T..,r TI ME 
1~[[[[lTII~[[1 
COHMANf)t:R O~.OO 04 30 OS.on OS 30 06.0n 06 )0 07.00 07 30 08.00 
I Start-ur-drills 1--" 
-- f-------- -- f--- - f------- - "- -2 Surve Illanee 
--I-" - .. 1---" - - -- "- - f-" 1 Direct driver 
--4 Read m~!!I!~at ton 
5 Rad 10 " -+--- -
"-6 Troop control 
7 Encode/decode 1--8 Ran e cards " 
9 Tar et ident if !cat ion 
10 Target engagements 
1I Observe unner loader 
12 U date com uter 
i3 Test e u i ment 
" 14 Maintenance servicing 
15 Misfire drills 
16 Cooki lls/eat1n 
17 Ablutions 
Other (spec ify) 
......................... 
I11 I11 III III I11 liT III III ... ...................... ......................... 
25 29 33 37 41 45 49 53 56 
Example of Commander's Act ivity Log Card 
I I I I I I I I I 
DAY eR S No Tk Tp TIME 
I 
CUNNER 04,00 04 30 05,00 05 30 06,00 0630 07,00 07 30 08,00 
I Start-up-d r ill s 
2 Surve illance 
" 5 Radio 
7 Encode decode 
8 Ran e cards 
9 tar et identification 
10 Tar et en a ement 
13 Test e ui ment 
14 Maintenance 
15 Misfire drills 
18 Monitor NBC equipment 
16 Cook ing/ ea t ing 
17 Ablutions 
Other (specify) 
......................... 
I11 I11 I11 I11 11 I11 I11 11 
. . . . . . . . . . . . . .. . .. .. . .. . . 
25 29 33 37 I 5 9 5: 5 
f,xample of Gunner's Act (vtty I.OR Card 
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I. What has been the worst part of your work ~Ince last time you were 
asked this question? 
2. How do you rate your efficiency now? Please tick box, 
V. bad bad average good V.good 
3. In doing my crew casks, I am now only about this pe.cent of my best. 
Please mark the line. 
50~ 
Totally %1 
exhausted -----------'-.----------
lOOt totally 
efficient 
Example of Self Assessment Card 
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Picture to show use of the microcomputer. 
A-27 
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Picture to show use of the Maddox Wing. 
-.... -: 
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Picture to show use of the APRE Near Pioot Rule 
A-29 
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Picture to show use of the hand grip dynarnometer. 
A-30 
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PRB-EXERCISB AND DBBRIEF QUESTIONNAIRES 
All 24 subjects completed questionnaire8 before and immediately after the 
Exerciee. 
EXPERIENCE 
4 subjects were not in their usual crew positions for this Exercise. One 
Driver (normally a LOader) was filling this role for the first time on Endura 
I. 
Usual Role Role on Endura I 
Cdr Gnr Ldr Dvr Totals Commander • 1 7 Gunner 
• 1 1 8 Loader 
• 1 
, 
Driver 
• 4 
Totals • • • • 24 
EXPERIENCE IN PRESENT CREW POSITION 
and least for Drivers. 7 Average experience was greater for Commanders 
SUbjects (30\) had les8 than 1 years experience 
12 (SO,) had less than 2 year. experience. of their crew pOSition, and 
Cdr Gnr Ldr Dvr Total 
3 3 7 
0 2 , 
Experience <1 0 1 
in present 1-2 1 2 
2 0 • 0 1 1 
1 0 2 
crew 2-3 1 3 
position 3-4 0 0 
(years) 4-' 1 0 
,-. 2 0 0 0 2 >. 1 0 0 0 1 
Hean , 1.4 1.. 0.8 
EXPERIENCE ON TANKS 
Experience on tanks wa. not much more than that in their present crew position. 9 men (38\) had under 2 years exper lence. 
Cdr Gnr Ldr Dvr Total 
Experience <1 0 
on tanks 1-2 1 2 3 3 • (years) 2-3 1 3 1 0 ,
3-' 0 0 0 2 2 
4-' 1 1 0 1 3 
,-. 0 0 1 0 1 >. 3 0 1 0 4 
Mean 7.3 2.0 3.0 2.2 
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EXPERIENCE or EXERCISES 
3 Bubjects (13\) aaid Endura I was their first Exercise. 12 men (50\) had had 
no experience of unfamiliar surroundings whereas 6 had been on 1 Exercise in 
a familiar place. 
Familiar 10e Unfamiliar 10e 
Number of Exercises 0 3 
'2 
1 6 4 
2 7 4 
3 2 2 
4 2 0 
• 
, 0 
<. 3 2 
Mean 3.' 1.6 
Number of weeks on Ex <1 3 12 , , , 
2 2 2 
3 , , 
4 3 2 
• 0 0 >. 1.4 6 
Hean 12.5 4., 
EXPERIENCE CLOSED-DOWN 
Closed-down experience was listed by type ot Exercise, and means were 
calculated. The number of respondents is an average of those responding to 
the 3 questions (no. ot occa8iona, average hours and longest hours). 
NO. of Mean Mean Mean 
subjects no of longest 
(approx) occasions av. hours hours 
Troop Training ,. 4.' 2.7 7.8 
Ranges - Hohns 2 3.0 1.0 1.0 
CVR • 4.7 2.4 20.0 Wintex , 2.0 
••• 
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EXPERIENCE or DETECTING TARGETS IN THE FIELD 
No. of days 
Troop Training 17 18.9 
Ranges- Hohne 3 4.1 
CVR 2 38.5 
Wintex 4 30.8 
Spearpoint 1 1.0 
SIMFIX EXPERIENCE 
Only 3 subjects said they had experience of Simfix or Simfira. 
These were 21 days Troop training 
Ex Dawdle 
1 subject 
2 lIIubjects 14 and 21 days respectively. 
JOBS DONE 
Both the pre-Exercis8 and debrief questionnaires asked respondents to say what 
jobs they would (or did) do, and a180 what jobs other crew members would (or 
did) do. The list of activities given on the questionnaires seems to have 
been comprehensive in that only 2 other activities, Nac drills (on vehicle) 
and halt-parade (off-vehicle) were mentioned. These only occurred on the pre-
Exercise qusstionnaire. 
The raw data showed a wide variety of opinion 8S to both who would do 
different jobs, and who actually did them. There were very few jobs confined 
to a singls crew position. 
These were: 
Map reading 
- 6 Commanders (but 2 Ldrs thought they WOUld) 
Troop Control 
- 5 Commanders 
Observe Gnr/Ldr 
- 6 Commanders 
Update computer 
- 6 Commanders (but 1 Gnr thought he WOUld) 
Track discipline 
- 6 Drivers (but 1 Gnr thought he WOUld) 
Recce 
- 6 Commanders (but 1 Dvr and 2 Ldrs also) 
o Groups 
- 6 Commanders (but 1 Gunner alBo) 
• 
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Referring to the respondents own crew position, jobs have been listed by the 
number of men saying they would, (or did) do them, Many subjects seem to have 
had a go at everything during the Exercise. 
ON VEHICLE duties; Cdr Gnr Ldr Dvr 
PR! POST PR! POST PR! POST PRE POST 
Start up drills •••••• 6 4 6 6 3 2 6 6 
Surveillance •.••••••• 6 6 5 6 5 5 3 6 
Direct driver •••••••• 6 6 1 5 3 3 0 0 
Read map/navigate •••• 6 6 0 0 2 0 0 0 
Radio 6 6 2 3 6 6 0 1 
Troop Control 5 5 0 0 0 0 0 0 
Encode/decode 5 6 0 1 6 6 0 0 
Range cards •••••••••• 6 4 1 0 3 1 0 0 
Target indent 6 6 5 6 3 5 3 2 
Target engage 6 5 6 6 2 1 1 0 
Observe Gnr/Ldr 6 6 0 0 0 0 0 0 
Update computer 6 6 1 0 0 0 0 0 
Test equipment ••..••• 6 5 4 3 6 5 2 2 
Maintenance/service .0 6 5 6 6 6 6 6 6 
Hie fire dr il18 •••.. ",. 6 4 4 5 6 4 0 0 
Stoppage drills •.•••• 6 4 2 4 6 6 0 0 
Cooking •••••••••••••• 2 4 4 5 6 6 2 6 
Monitor NBe eqpt .•••• 3 5 0 0 6 5 0 0 
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ON VEHICLE duties contl 
Loading •••••••••••••••• 
Re-stow Ammo ••••••••••• 
Driving •••••••••••••••• 
Other duties NBC drills. 
OFF VEHICLES dutiesl 
Track discipline •••••••• 
Digging •••••••••••••••• 
Camouflage ••••••••••••• 
Tent 
Line Laying ••••••.••••• 
veh manoeuvres ••••••••• 
Recce •••••••••••••••••• 
sentry ••••••••••••••••• 
NBC Sentry ••••••••••••• 
Use Bin08 •••••••••••••• 
Cupola ••••••••••••••••• 
Head out ••••••••••••••• 
Telephone •••••••••••••• 
Radio •••••••••••••••••• 
Coding ••••••••••••••••• 
Track bashing •••••••••• 
Gun maintenance •••••••• 
eFT 
Cdr 
PR! POST 
2 0 
1 3 
0 0 
1 0 
Cdr 
PRE POST 
0 0 
2 6 
, 5 
4 4 
2 3 
5 , 
6 6 
1 0 
0 0 
, , 
4 5 
4 , 
1 1 
, , 
, 5 
, , 
, , 
, 4 
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Gnr 
PR!!: POST 
0 0 
0 1 
3 4 
0 0 
Gnr 
PRE pOST 
1 0 
, 6 
5 5 
3 3 
4 4 
2 2 
0 0 
, , 
5 , 
1 2 
0 3 
0 1 
0 2 
2 3 
0 0 
, , 
, , 
, , 
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Ldr 
PR! POST 
6 6 
6 6 
0 1 
0 0 
Ldr 
PR!: pOST 
0 0 
2 5 
6 5 
4 5 
5 3 
1 1 
0 2 
4 , 
, , 
5 4 
3 0 
, , 
3 2 
, 6 
6 , 
5 , 
5 , 
4 2 
Dvr 
PRE POST 
0 0 
1 0 
6 6 
0 0 
Dvr 
PRE POST 
6 6 
4 , 
5 5 
6 5 
0 2 
0 6 
1 1 
, , 
6 , 
2 2 
0 0 
3 3 
3 1 
2 1 
0 0 
, , 
2 2 
5 5 
OFF VEHICLE duties cont: 
Automotive maintenance •. 
Decontamination ......... . 
Running replen •..••••••• 
Hide 
Ammo replen 
Fuel replen 
Food replen 
o Groupe 
Map read 
Loge/roetare ••••••••.••• 
Cook •••••••.•••••••••••• 
Any other duties? Halt 
(please specify) Parade 
Cdr 
PR! POST 
3 2 
5 4 
• • 
5 • 
6 • 
6 4 
5 4 
6 6 
6 6 
3 5 
3 3 
0 D 
1 
ANNEX 9.6 
Gnr 
PR! POST 
4 6 
• 6 
5 6 
• 6 
2 4 
1 3 
0 4 
1 1 
D 0 
0 0 
5 3 
0 0 
2 
A - 36 
Ldr 
PR! POST 
2 4 
• 5 
5 • 
4 6 
6 6 
5 6 
6 5 
0 0 
2 0 
4 3 
6 5 
0 0 
3 
Dvr 
PR! POST 
6 6 
5 • 
4 5 
6 6 
2 2 
1 2 
1 2 
0 0 
0 0 
0 0 
2 4 
1 0 
4 
I 
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The frequencies of occurrence of differences is tabulated for the S2 duties 
listed. 
Size of difference Cdr Gnr Ldr Dvr 
• 0 0 0 0 5 0 0 0 0 
4 1 2 0 1 
3 0 1 2 1 
2 12 • 11 4 1 15 17 17 11 
0 24 2. 22 34 
3 jobs where the largest differences bet~een pre-Exerciee and poet-Exereise 
responses occurred were cooking on-tank, start-up drills and encode/decode. 
Theee have been illustrated by pie-charts. These differences do not appear 
when only responses about the respondents own crew position are considered. 
EQUIPMENT, VEHICLE AND TOOL DESIGN MODIFICATIONS 
Responses to these questions did not distinguish between the above categories, 
and they have been treated together in the analysis. 
Improvements to own jobs 
There were 14 different suggestions for equipment design modifications, 16 
suggestions for vehicles and 4 auggestions for toola. 
lIe and harness had the most complaints for equipment - 29\ of the men felt 
that modifications to this would improve their job. Thia was most strongly 
felt by the Commanders. 21\ complained about their helmets and personal kit, 
with Commanders again feeling moat strongly about this. 
For vehicle dedgn, 54\ of the men suggested modifications to seats. This was 
expressed by all crew positions especially the Commander. 54\ suggested 
modifications to all eights. Again thia was expressed by all the crew 
especially the Commander. 
For tool design, 13\ of the men said that more spanners, and sockets etc would 
improve their job. 
Improvements to teamwork 
There were 10 different suggestions for equipment, design modifications, 11 for 
vehicles and 2 for tools. 
IIC and harness had the most complaints for equipment - 63' of the men said 
that modifications to this would improve teamwork. 33\ said that a better 
boiling vessel would improve teamwork. 
For vehicle deaign, 33' aU9gested a hydraulic track tenaioner, 29\ said there 
should be stowage modifications and 29' said there ehould be better eights for 
all. 
For tool design, 21\ suggested there should be more spanners and socket. etc. 
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1 subject, No 17, gave extensive and comprehensive suggestions tor 
improvements to both equipment and operating procedures which are reproduced 
all an annex. 
OPERATING PROCEDURE MODIFICATIONS TO IMPROVE TEAMWORK 
12 men (50\) did not respond to this question. 
more than one respondent were1 not to usa 
modifications to sentry duties (3 men). 
The only responses given by 
camouflage (6 men), and 
PROBLEMS WITH TEAMWORK 
20 men (83\) responded to thia question in the affirmative while 4 aald there 
was no problem. The most frequent problem waB the intercom. 
Problem 
Intercom 
fatigue 
personality 
inexperienced/new 
crew members 
overwork 
No of men 
8 
4 
4 
4 
2 
WORK OVERLOAD 
13 (54\) 
Exercise. 
half the 
Exercise. 
OVQworked? 
respondent III said they were overworked at soma time during the 
These were 5 out of 6 Commanders and Drivers. No Gunners and only 
Loaders said they had been overworked at any time during the 
Cdr Gnr Ldr Dvr 
Ye. 5 o 3 5 13 
No 1 • 3 1 11 
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On the ~ork quality data collected each session (on the stress/Arousal 
checklist) for Commanders and Drivers on average never exceeded 4.5 on the 7-
point scale. 
13 responses were obtained to the overload work redistribution question but 
at least 3 were from underworked Gunners, 1 oftering to take on radio work and 
1 feeling he had 80 little to do that the Commander could take his whole job 
on. Tasks where more than 1 response occurred were~-
•• relief for Driver on road-march when rest ol crew slept. 
b. relief for Commander by giving BATCO and radio work to Loader or 
Gunner. 
c. relief for whole crew on hides, sentry and NBC duties by sharing 
work among more tanks or by having help from Infantry or others. 
TIRING JOBS 
Analysis of the jobs men found tiring was also difficult due to the number who 
had not given information about how frequently they had found a job tiring. 
Only 27 out of 49 jobs had this information. 
The number of men who found particular jobs tiring were. 
Tiring job Number of men Crew poSition 
Cdr Gnr Ldr Dvr 
radio 7 5 1 1 digging 7 1 1 2 3 
sentry • 1 2 3 track-bashing 5 3 1 1 
restow anuno 5 5 
surveillance (night sight) 3 2 1 
camouflage 3 1 1 1 
surveillance 1 1 
night driving 3 3 
driving 2 2 
closed-down 1 1 
road-march 2 1 1 
hides 1 1 
waiting 1 1 
remove charge-bin 1 1 
track discipline 1 1 
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EVENTS CAUSING STRESS 
21 men responded to this question. 15 causee: were mentioned, the most 
frequent being working while tired and equipment failure (4 men). 
Stressful event No of men 
working while tired 4 
equipment failure 4 
night driving 2 
cam neta 3 
surveillance 2 
route march 2 
personality 2 
battle 1 
night firing 2 
digging 1 
NBe black, respirator 2 
near miss 1 
mosquitoes 1 
tank recovery 1 
intercom/radio 2 
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SITUATIONS DIFFICULT TO COPE WITH 
In general there was little unanimity, most situations being reported only by 
1 respondent. Situations reported by more than 1 respondent were fatigue, NBC 
(6), camouflage (4) driving, digging (3) and closed-down, staying awake and 
sentry duty (2). 
Frequency 0' occurrence 
Situation No of me. <daily daily 
fatigue 6 2 4 
NBC 6 2 4 
camouflage nets 4 2 2 
driving 3 3 0 
digging 3 2 1 
closed-down 2 2 0 
staying awake 2 2 0 
sentry duty 2 0 2 
getting lost 1 1 0 
reconnaissance 1 1 0 
radio 1 1 0 
track discipline 1 0 1 
intercom - understanding 1 0 1 
tactical awareness 1 0 1 
poor briefings 1 1 0 
seats 1 0 2 
mosquitoes 1 0 1 
track bashing 1 1 0 
maintenance 1 1 0 
APRE testlil 1 1 0 
helmet 1 1 0 
no food 1 1 0 
crash out 1 1 0 
taking objective 1 1 0 
JOBS OMMITTED OR CUT SHORT 
A total of 17 men('l,) answered this question, and a total of 13 activities 
were ment loned. 
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Job No of Men Crew Position 
Cdr Gnr Ldr Dvr 
Maintenance and servicing 8 4 1 3 
cleaning weapons 3 2 1 
digging 3 2 2 1 
first parade 3 2 1 
half parada 1 1 
NBC procedures 2 2 
NBC sentry 2 1 1 
camouflage 1 1 
recce 1 1 
line-laying 1 1 
start-up drills 1 1 
stoppage dril18 1 1 
eating 1 1 
WHO HELPED YOU WITH YOUR DUTIES? 
11 activities were cited where other crew members had helped out. 
The numbers of different aetivites where a crew member was helped by another 
never exceeded 4. The most frequently cited activities were track-bashing, 
maintenance/servicing and cooking. 
Crew who helped 
Cdr Gnr Ldr Dvr 
Who were helped Cdr 2 2 0 
Gnr 3 2 2 
Ldr 1 4 1 
Dvr 2 3 3 
The number of men who said they did extra duties were I 
Extra Duty Number Crew who helped 
ot .en Cdr Gnr Ldr Dvr 
Track bashing 9 1 4 4 
maintenance 7 3 2 2 
cooking 5 2 1 2 
radio 4 1 2 
camouflage 3 2 1 
surveillance 2 1 1 digging 2 1 1 
BATCO 1 1 1 
driving 1 1 
line 1ay1n9 1 1 
fire mission 1 1 
fir.t para!e 1 1 
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WHO COULD HAVE HELPED YOU BUT DID NOT? 
This question had few respondente 9 items were mentioned and 2 of these were 
annotated that the crewman could not have helped due to insufficient training. 
2 Commandere wanted help with radio, troop control, navigation and 
surveillance. 
Gunner wanted help with general duties. 
2 Loader. wanted help with maintenance, cooking and loading-up. 
Driver wanted help with driving. 
Crewmen thought to have space capacity were 
Conunander by 
Gunner by 
Loader by 
Driver by 
OTHER CREWMEHBERS WORKLOADS 
3 respondent. 
2 respondents 
2 respondents 
2 respondents 
Information on the respondents own workload was available in other responses, 
so this question was analysed separately for the 3 crew positions not occupied 
by the respondent (neglecting any job swapping which may have occurred) and 
also for respondents own positions. The number ot men (maximum 18) giving 
appropriate ratings for other members crew positions were: 
Under- Just Over-
worked right worked 
Commander 0.5 6.5 11 • 
Gunner 6.5 10 1.5* 
Loader 4 7 7 
Driver 0 12 6 
1 crewman thought the Gunner was overworked in battle but otherwise 
underworked. 
* 1 crewman thought the Commander was underworked physically but just right 
mentally. 
The number of men giving ratings tor their own crew positions (maximum 6) were 
Under- Just Over'" 
worksd right worked 
Commander 0 1 5 
Gunner 1 4 1 
Loader 0 5 1 
DriVer 0 4 2 
There was a tendency fOr Commanders and Gunners on average to be rated more 
overworked by themselves than by other crewmen, but selt-rating of Drivers 
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agreed completely with that of other crewman, and there was almost complete 
agreement for Loaders. 
These responses were not completely in accord with the previous question as 
to whether the respondent was either over or under worked at Borne time, 
where:-
5 out of 6 Commanders said they were over worked. 
all Gunners said they were under worked 
3 out of 6 Loaders said they were over worked 
5 out of 6 Driver. said they wee over worked 
PROBLEMS WITH TEAMWORK 
In every C&.8, the interference was not mutal, ie. only 1 party complained. 
Crew interfering Crewman interfered with 
Cdr Gnr Ldr Dvr 
Commander 1 1 1 
Gunner 0 1 2 
Loader 2 1 1 
Driver 1 1 2 
Problems were:-
Caused by Activity Caused to Activity 
Commander eights Gunner aighta 
battle runs Loader stowing 
maint/stowing Driver servicing 
Gunner battle runs Loader stowing 
gun control Driver driving (obsc viaion) 
main/stowing Driver servicing 
Loader maintenance Commander sleep 
injury to hand Commander general dutie. 
stowing Gunner gun maintenance 
maint/stowing Driver servicing 
Driver maint/service Commander veh manoeuvres 
maintenance Gunner 1st parade 
maintenance Loader(two) stowing 
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SATISFYING TASKS 
There were 22 respondents who listed 9 tasks they found a&thtying, while 1 
respondent said noting had been sAtisfying. 
Task No. of crewmen 
Cdr Gnr Ldr Dvr 
tiring & bombing-up 4 • 1 0 driving 0 1 0 S 
driving cross-country 0 0 0 1 
loading 0 0 4 0 
successful battle 1 0 0 0 
troop control 1 0 0 0 
maintenance 0 2 0 0 
spotting target. 0 0 1 0 
teamwork 2 0 0 0 
Totals • 9 • • 
FEELINGS AT ENO OF EXERCISE 
At the end of the Exercise subjects rated themselves on fitness/exhauBtion. 
Only 1 Commander, 3 Gunners and 1 Loader considered themselves tit. No Driver 
considered himself tit. 
No. of men 
Exhausted H.d enough Fit 
Commander S 0 1 
Gunner 0 3 3 
Loader 1 4 1 
Driver 1 S 0 
Overall 7 12 S 
Subjects were also asked to rate the crew's eff1cienty on a 5-point scale. 
Ratings by Hopeless Poor Average Good Excellent 
Commanders 0 0 2 4 0 
Gunner. 0 1 0 S 0 
Loaders 0 O.S 2.S 3 0 
Driver. 0 2 3 1 0 
Overall 0 3.S 7. S 13 0 
lUthough the majority thought they peraonnaly had h.d enough or were 
exhausted, they considered the crew to be good or average. 
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On being asked how long they could have continued, 15 out of 24 men said over 
a week. 
Under 1 A tew • Over 1 day day days week a week 
Commander 0 1 0 2 3 
Gunner 0 0 0 0 • Loader 0 0 2 1 3 
Driver 0 0 1 2 3 
Overall 0 1 3 • " 
Crewmen were alao asked to assess how long their crew could continue. A 
markedly different response. waB obtained, with the majority ass8ssing a tew 
days only. 
Under 1 A few A Over 
assessment 1 day day daye week a week 
by 
Commandera 0 0 3 1 2 
Gunners 0 0 4 1 1 
Loader. 0 0 4 0 1 
Drivers 0 0 1 2 3 
Overall 0 0 13 4 7 
REACTIONS TO APR! TESTS 
23 men gave an opinion of their reaction to the test s8ssion during the half-
hour stops. 7 gave favourable reactions, 13 were neutral and only 3 expressed 
dislike. Driver. and Gunners accepted the tsst8 les8 well than Commanders and 
Loaders. With the rates of response to que8tions on pos8ible equipment ete 
improvement., it appears that the crewmen were glad of an opportunity to 
expre8s their opinions. 
Did not 
reapond Enjoyed 
Commanders 1 1 
Gunners 0 0 
Loaders 0 3 
Drivers 0 0 
Overall 1 • 
Liked 
1 
1 
0 
0 
13 
Dont 
mind 
2 
4 
3 
4 
1 
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Didn't 
like 
o 
o 
o 
1 
1 
strongly 
disliked 
o 
1 
1 
1 
2 
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Comments about these tests were in two main groups, concerning subjects 
feeling8, and comments on the teat equipment etc. 
COlMIente 
Fee11n98:- relief from Ex 
enjoyed 80me 
bad training 
boring/monotonoU8 
unclear when to return to tactical 
Equipment:- position problems 
near-point rule 
visibility of screen (Hunter) 
grip hurt hand 
Problem 
As it 
happened 
remembering what happened 
inappropriate categoriee 0 
insufficient categoriee 0 
categoriee unclear 1 
cards should be compiled 0 
a8 a book 
lost pens/cards 0 
no card. available when req 0 
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No of 
No of men 
2 
1 
7 
12 
2 
2 
1 
2 
1 
men 
At At longer 
halts intervals 
4 9 
7 0 
2 1 
1 0 
0 1 
1 1 
1 0 
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Workloads as seen by all crew positions 
'Undenrorked 
27. 
Commander 
Undenrorked 
right 
507. 
Loader 
Just right 
Undenrorked 
317. 
Gunner 
Driver 
Responses at debrief, n·= 24 
.. 
Overworked 
107. 
• Overworked 
337. 
Workloads as seen by other 3 crew positions 
Over worked [:;z;za 
No ot men 
16 
16 
14 
12 
10 
6 
6 
• 
2 
o 
Comme..nder Gunner Lo.der Driver 
Responsea at debriet 
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Who does start--up drills? 
Crew's opinions,ri = 24 
Gnr,Ldr,Dvr 
Gnr & Dvr ' Cdr,Gnr,Dvr 
137. 
Cdr,Gnr,Dvr 
297. 
87. 
Gnr 
47. 
,Dvr 
137. 
• 
. 
Dvr , 
87. 
Be!ore Exercise After Exercise 
Who does encode/decode? 
Crew's oplnlonS,n = 24 
Cdr & Ldr 
387. 
A>"~~ 
, 
Ldr 
587. 
Be!ore Exercise 
Cdr,Gnr,Ldr 
47. 
Cdr & Ldr 
'vvvvvvv 677. 
After Exercise 
A- 49 
Cdr,Gnr,Ldr 
127. 
.Ldr 
217. 
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Crew continuation at end of exercise 
A week 
~ 
. Over a week 
~ 
No ot men 
• 
• 
3 
2 
o 
Commander Gunner Loader Driver 
, Indlvidual reapoDIOI at. debrief, delcrlblnc wbole erew 
Self asssessment at end of exercise 
Exhausted 
mm! 
Fit 
~ 
No or meD 
• 
3 
2 
o 
Commander Gunner Loader 
Dri'vel' 
Re.pODa~. at. debrief 
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Could you have continued? 
Self assessment at end of exercise 
A week 
~ 
Over III .... eek 
fZ?ZZJ 
No ot men 
Commander 
RelpO'GleI at debrief 
Could you have continued? 
Self assessment at end of exercise 
Over a week 
62% 
A week 
21% 
ResponseI at. debrief 
D. = 24 
A ·51 
A day 
'47. 
A few days 
• 13% 
• 
• 
• 
3 
2 
o 
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Workloads 
Self assessment at end of exercise 
Under worked Over worked 
!!i!IlmiII ~ 
No of men 
Commander GUDDer Loader Driver 
RespODses at debrief 
Self assessment at end of exercise 
Exhausted 
29% 
Fit 
21% 
RUPOD8CI at debrle! 
u = 24" 
Had enough 
50% 
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Crew efficiency at end of exercise 
No or men 
" 
12 
10 
a 
a 
• 
2 
0 
Good Average Averace/Poor Poor 
RespoDses at debrief, D = 24 
Crew efficiency at end of exercise 
Poor 
!m!I!iI 
Good 
~ 
No ot men 
Commander Gunner Loader 
. LDdlvlduu raspOD-eel at debrief, dCllcriblnc whole crew 
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Crew efficiency at end of exercise 
No af 111011 
.. r-----------------------------------, 
" 
" 
Good Poor 
Crew efficiency at end of exercise 
Poor 
IWI!!I!I 
Good 
!2ZZa 
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Analyses of variances for microcomputer test results. 
ANALYSIS OF VARIANCE TABLE OF THE VIGILANCE TEST - NUMBER CORRECT BETWEEN TROOPS 
ANALYSIS OF VARIANCE TABLE ••• ALL GROUPS 
TRANSFORM 0 
SDURCE SUM DF SQS OF MEA" SQ F SIG 
BETW'EEN GROUPS 38781.0917 38781.0,917 4.02 
"S 
SUBJECTS(WITHIN GROUPS) 163842.0,634 17 9637.7684 25.64 ... 
SESSIDNS 64001.1038 36 1777.80,84 4.73 ... 
GROUP * CONDITION 10,421.2398 36 289.4789 0,.77 NS 
RESIDUAL 230,0,09.7104 612 375.8329 
TDTAL 50,70,55.2091 70,2 
GRAND MEAN 83.5277 
ANALYSIS DF VARIANCE TABLE OF THE VIGILANCE TEST - THRDUGHPUT BETWEEN TRDDPS 
ANALYSIS DF VARIANCE TABLE •••• ALL GRDUPS 
TRANSFDRM 0, 
SOURCE SUM DF SQS OF MEAN SQ F srG 
BETWEEN GROUPS 132564.9761 132564.9761 1.70, NS 
SUBJECTS(WITHIN GRDUPS) 132564.9761 17 77979397.7059 30,.63 ••• 
SESSIONS 86998.8407 36 24166344.6389 9.49 ••• 
CROUP * CONDITION 16946.7211 36 470,7422.5278 1.85 •• 
RESIDUAL 155781. 5633 612 2545450,.3840, 
TDTAL 405548.5988 702 
GRAND MEAN 2020,5.7240 
ANALYSIS OF VARIANCE TASLE OF THE DIGIT RECALL TEST - NUMBER CORRECT BETWEEN TROOPS 
ANALYSIS OF VARIAOCE TABLE ••• ALL CROUPS 
TRANSFORM 0 
SOURCE SUM DF SQS OF MEAN SQ F SIG 
BETWEEN GROUPS 0,.0,0,28 0,.0,028 0,.0,0, NS 
SUBJECTS(WITHIN GROUPS) 1868.1594 16 116.760,0 17.99 ••• 
SESSIONS 650,.7718 36 18.0770, 2.18 
.H 
GROUP * CONDITION 226.0,390 36 6.2789 0,.97 NS 
RESIDUAL 3739.2432 576 6.4917 
rOTAL 6484.2162 665 
;RAND MEAN 7.5586 
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Analyses of variances for microcomputer test results. 
ANALYSIS OF VARIANCE TABLE FOR THE 4 CHOICE REACTION TIME TEST - NUMBER CORRECT BETWE~ll TROOPS 
ANALYSIS OF VARIANCE TABLE ALL CROUPS 
TRANSFORM 0 
SOURCE SUM OF SQS OF MEAN SQ F SIC 
BETWEEN GROUPS 1226.0902 1226.0902 0.03 NS 
SUBJECTS(WHITHIN GROUPS) ·.738532.7121 17 43443.1007 14.63 ••• 
SESSION 665146.8364 36 18476.3010 6.22 ... 
GROUP ft CONDITION 161427.7330 36 4484.1037 1.51 • 
RESIDUAL 1817898.7283 612 2970.4228 
TOTAL 3384232.1000 702 
CRAND MEAN 372.6287 
ANALYSIS OF VARIANCE TABLE OF THE 4 CHOICE REACTION TIME TEST - THROUGHPUT BETWEEN GROUPS 
ANALYSIS OF VARIANCE TASLE •••• ALL GROUPS 
TRANSFORM 0 
SOURCE SUM OF SQS OF MEAN SQ F SIC 
BETWEEN GROUPS 75234739.0000 75234739.0000 0.12 NS 
SUBJECTS(WITHIN GROUPS) 1099240.2780 17 656611.9285 23.21 ... 
SESSIONS 717095.6928 36 199193.2480 7.15 ... 
GROUP ~ CONDITION 173710.6035 36 48252945.4167 1.73 •• 
RESIDUAL 1704982.7670 612 27859195.5359 
TOTAL 3702552.8150 702 
GRAND MEAN 26856.4367 
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Analyses of variances for the tests of visual fatigue. 
ANALYSIS OF VARIANCE TABLE OF THE MADDOX-WING TEST BETWEEN TROOPS 
ANALYSIS OF VARIANCE TABLE ••• ALL GROUPS 
TRANSFORM 4 
SOURCE SUM OF SQS DF MEAN SQ F SIG 
BETWEEN GROUPS 202.2005 202.2005 1.09 NS 
SUBJECTS(WITHIN GROUPS) 2606.4820 14 186.1773 47.48 ... 
SESSIONS 869.7122 37 23.5057 6.00 ... 
GROUP ~ CONDITION 133.6199 37 3.6113 0.92 NS 
RESIDUAL 2031.0100 518 3.9209 
tOTAL 5843.0247 607 
GRAND MEAN 7.4095 
ANALYSIS OF VARIANCE TABLE OF tHE RAF NEAR-POINT RULE tEST - BETWEEN TROOPS 
ANALYSIS OF VARIANCE TABLE •.• ALL GROUPS 
TRANSFORM 0 
SOURCE SUM OF SQS DF MEAN SQ F SIG 
BETWEEN GROUPS 1186.7207 1186.7207 3.78 NS 
SUBJECTS(WITHIN GROUPS) 3771.0631 12 314.2553 36.06 *** 
SESSIONS 1022.2008 36 28.3945 3.26 u* 
CROUP '" CONDITION 691.4817 36 19.2078 2.20 *** 
RESIDUAL 3765.0203 432 8.7153 
TOTAL 10436.4865 517 
GRAND MEAN 12.0541 
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Analysis of variance for the test of hand l(rip strenl!:th. 
ANALYSIS OF VARIANCE TABLE OF THE MAXIMUM HAND GRIP TEST(Kg) - BETWEEN TROOPS 
ANALYSIS OF VARIANCE TABLE ••• ALL GROUPS 
TRANSFORM 0 
SOURCE SUM OF SQS DF MEAN SQ F SIG 
BETWEEN GROUPS 260.7330 260.7330 0.13 NS 
SUBJECTS(WITHIN GROUPS) 42533.4924 21 2025.4044 93.94 ... 
SESS IONS 2736.2790 36 76.0077 3.53 ... 
CROUP '" CONDITION 1072.8181 36 29.8005 1.38 NS 
RES IDUAi.. 16299.0035 756 21.5595 
TOTAL 62902.3260 850 
GRAND MEAN 52.3486 A-57 
ARMY PERSONNEL RESEARCH ESTABLISHMENT 
EX ENDURA 2 
PR! EXERCISE qUESTIONNAIRE 
ANNEX 11.1 
All 1nto~atlon and performance meaaures will be treated in confidence 
and no individual's data will be disclosed or discussed. 
Subject Name: •••••••••••••••••••••••••••• Subject No: 1=r::::1 
Cdr Gnr Ldr Dvr 
Crew Station: 
2 3 4 
1. What ls your usual role 1n 8 tank crew/troop/squadron? 
...................................................................... 
2. Time on tanks: 
3. Time 1n present crew station: 
A· 58 
APRE No 
! ! I 
1-4 
5-6 
7 
1=r:::::1 8-9 
10-11 
12-13 
I 
I 
... 
• 
... 
... 
4. 
Loc.ation 
Soltau 
FTX·. 
BATUS 
Salisbury Plain 
Firing Ranges 
Others (specify) 
No of weeks on: 
Familiar UnfamU-
Terrain iar 
Terrain 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
HRT Experience 
Experience Detecting real 
working closed down targets in the 
field 
No of Average Longest 
times hra hr. days 
I I I I : : I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
Using 
Slmf1x 
days 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
14-35 
35-55 
56-76 
Card 2 
APRE No 
IIIII 5-25 
1 4 
26-46 
47-67 
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S. ~~lch of the following duties do you think each crew member would 
normally do? 
IN TANK duties. 
Cd, Gnr Ld, Dvr 
Start up drills ..............•.. 
Surveillance ................... 
Dl net driver .................. 
Read map/navigate .............. 
Radio .......................... 
Troop control .................. 
Encode/decode .................. 
Range cards .................... 
Target 1dent ................... 
Target engage .................. 
Observe ent/Ldt ................ 
Update computer ................ 
Test equipment ................. 
Maintenance/service ............ 
Misfire drills ................. 
Stoppage drills ................ 
Cooking ........................ 
Honitor NBC eqpt ............... 
Loading ........................ 
Re-stow Ammo ................... . 
Driving ........................ 
Other duties ................... 
(please spedfy) 2 3 4 
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CARD 3 
APRE No 
I I I 
1-4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
- ::r: 
27-28 
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OUT OF TANK duties. 
edr Gnr Ldr Dvr 
Track dlscipl1ne ............... 2' 
Digging ........................ 30 
Camouflage ................... .. 3 • 
Tent ........................... 32 
Line Laying .................... 33 
V,h manoeuvres ................. 34 
Recce .......................... 35 
Sentry ......................... 36 
N8C Sentry ..................... 37 
U •• Bin08 ...................... 38 
Cupola ......................... 3' 
Head out ....................... 40 
Telephone ...................... 
" Radio .......................... 42 
Coding ......................... 4) 
Track bashing .................. 
" Gun Maintenance . ,.............. 45
eFT ............................ 46 
Automotive maintenance ......... 47 
Decontamination ................ .. 
Running replen ................. 
" Hide ......... '" ................ 50 _0
replen .......... ........ .. 5 • 
Fuel replen .................... 52 
Food replen .................... 53 
. 0 Groups ....................... 54 
Map read ....................... 55 
Logs/rosters ................... 56 
Cook ........................... 57 
Any other duties? .............. 58 
(please spec:ify) 2 3 4 - :::I:I 
59-60 
I 3 I 
19 
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MILITARY ACTIVITIES (Difficulty Ratings). 
Date _____ _ Troop ______ _ CreW' Stat10n ______ _ 
How difficult 1s it to How diffieult Is it 
12et a 200d end result? to actually do this? 
~ 
very very very very 
easy difficult easy difficult 
HIDES , 
Achieve 
minimum 
Ught and 1 2 3 4 S 6 7 1 2 3 4 S 6 7 
noise 
Position 
vehicles 1 2 3 4 S 6 7 1 2 3 4 S 6 7 
correctly _ 
Radio. 
discioline 1 2 3 4 S 6 7 1 2 3 4 S 6 7 
Track 
-
diselDl1ne 1 2 3 4 S 6 7 1 2 3 4 S 6 7 
CaDlouflue 1 2 3 4 S 6 7 1 2 3 4 S 6 7 
Dig trenches 
(NBC/",esoon) 1 2 3 4 l 6 7 1 2 3 4 S 6 7 
Position 
Sentries 1 2 3 4 S 6 7 1 2 3 4 S 6 7 
DO sentry duty 1 2 3 4 l 6 7 1 2 3 4 S 6 7 
Maintenance 1 2 3 4 S 6 7 1 2 3 4 S 6 7 
NBe drills 1 2 3 4 S 6 7 1 2 3 4 S 6 7 
Battle/hide 
d1se~pl1ne 1 2 3 4 S 6 7 1 2 3 4 S 6 7 
Hides ~enerallY 
Achieve 
coneealment 
from air 1 2 3 4 S 6 7 1 2 3 4 S 6 7 
and ground 
Achieve all 
round defence 1 2 3 4 S 6 7 1 2 3 4 S 6 7 
Hake sure of 
8n easy 1 2 3 4 S 6 7 1 2 3 4 5 6 7 
breakout 
RepIen 234567 234567 
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FINAL DEBRIEF QUESTIONNAIRE 
Subject Name: ••••••••••••••••••••••••••• Subject No, 1=C1 
1. Which of the following duties do each crew member ACTUALLY 
PERFORM during the trial? 
IN TANK duties. 
Cd r G nr Ld r Start up drills ••••••••••••••••• 
SurveIllance ................... 
Direct driver .................. 
Read map/navigate .............. 
Radio .......................... 
Troop control .................. 
Encode/decode .................. 
Range cards .................... 
Target Ident ................... 
Target engage ..... , ............ 
Observe Gnr/Ldr ................ 
Update computer ................ 
Test equipment ••• to •••••• to.o •• 
Maintenance/service •••••••••••• 
Misfire drills ....... , ......... Stoppage drUls ................ 
Cooking .. , ................. ' ... 
Monitor NBC eqpt ............... 
Loading ........................ 
Re-stoW' AmIno 
'" ................ Driving ............ , ........... 
Other duties ................... (please specify) 2 3 
A- 63 
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CARD 4 
APRE No 
I I I 1-' 
7 
8 
9 
10 
11 
12 
13 
I' 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2' 
25 
.26 
27 
2B 
- =Cl 
29-30 
ANNEX 11.1 
FINAL DEBRIEF OUESTIONNAIRE 
Subject Name: ••••••••••••••••••••••••••• Subject No: 1::C1 
1. Which of the following dutiea do each crew member ACTUALLY 
PERFORM during the trial? 
IN TANK duties. 
Start up drills ••••••••••••••••• 
Surveillance ••••••••••••••••••• 
Direct driver •••••••••••••••••• 
Read map/navigate •••••••••••••• 
Radio •••••••••••••••••••••••••• 
Troop control •••••••••••••••••• 
Encode/decode •••••••••••••••••• 
Range cards •••••••••••••••••••• 
Target ident ••••••••••••••••••• 
Target engage •••••••••••••••••• 
Observe Gnr/Ldr •••••••••••••••• 
Update computer •••••••••••••••• 
Test equipment ••••••••••••••••• 
Maintenance/service •••••••••••• 
Misfire drills ••••••••••••••••• 
Stoppage drills •••••••••••••••• 
Cooking •••••••••••••••••••••••• 
Monitor NBC eqpt ••••••••••••••• 
Loading •••••••••••••••••••••••• 
Re-stow A:mno ••••••••••••••••••• 
Driving •••••••••••••••••••••••• 
Other duties •••••••••••••••••• , 
(please specify) 
Cdr 
A - 64 
enr Ldr 
2 3 
Dvr 
4 
CARD 4 
APU No 
I ! I 
1-4 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
-=Cl 
29-30 
OUT OF TANK duties. 
Track discipline ••••••••••••••• 
Digging •••••••••••••••••••••••• 
Camouflage ••••••••••••••••••••• 
Tent ••••••••••••••••••••••••••• 
Line Laying •••••••••••••••••••• 
Veh manoeuvres· ................. . 
Recce •••••••••••••••••••• , ••••• 
Sentry ••••••••••••••••••••••••• 
NBC Sentry ••••••••••••••••••••• 
U.e Binol •••••••••••••••••••••• 
Cupola ••••••••••••••••••••••••• 
Head out ••••••••••••••••••••••• 
Telephone •••••••••••••••••••••• 
Radio •••••••••••••••••••••••••• 
Coding ••••••••••••••••••••••••• 
Track bashing •••••••••••••••••• 
Cun Maintenance •••••••••••••••• 
CFT •••••••••••••••••••••••••••• 
Automotive maintenance ••••••••• 
Decontamination •••••••••••••••• 
Running replen ••••••••••••••••• 
Hide ••••••••••••••••••••••••••• 
Ammo replen •••••••••••••••••••• 
Fuel replen •••••••••••••••••••• 
Food replen •••••••••••••••••••• 
o Groups ••••••••••••••••••••••• 
Map read ••••••••••••••••••••••• 
Logs/rosters ••••••••••••••••••• 
Cook •••••••••••••.••.•••••••••• 
Any other duties? •••••••••••••• 
(please specify) 
ANNEX 11.1 
Cd r c nr 
I 2 
A-65 
Ld r Dv 
.. 
3 4 
r 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
SO 
SI 
52 
53 
54 
SS 
56 
57 
58 
59 
60 
- :::c: 
61 .. 62 
I 4 I 
79 
ANNEX 11.1 
2. What equipment design modifications would improve: 
a. Your Job? b. Teamwork? 
3. What vehicle design modifications would improve: 
a • Your job? b. Teamwork? 
....................... . 
........................ 
4. What tool design modifications would improve: 
a. Your job? b. Teamwork? 
........................ 
5. What changes in maintenance practice would improve: 
e. Your job? b. Teamwork? 
· ...................... . . ...................... . 
· ...................... . . ...................... . 
........ , .............. . 
........................ 
....................... . ........................ 
6. What changes in logistic support would improve: 
a. Your job? b. Teamwork? 
· ...................... . . ...................... . 
· ...................... . . ...................... . 
........................ 
........................ 
· ...................... . . ...................... . 
A- 66 
CARD 5 
APRE NO 
COIl 
1-4 
5-6 
7-8 
9-10 
11-12 
13-14 
15-16 
17-18 
19-20 
21-22 
23-24 
25-26 
27-28 
29-30 
31-32 
33-34 
35-36 
37-38 
39-40 
41-42 
43-44 
ANNEX 11.1 
7. Yhat changes in. operating procedures would I111pN"e: 
8. 
9. 
•• Your job? b • Team .... ork? 
· .............. ; ....... . . .............. , ....... . 
........................ .......... ".' ......... . 
· ...................... . ........................ 
••• •• t-•••••••••••••••••• ... , ................... . 
· ...................... . ...... , ................ . 
Was there anything that made it difficult to 
york as a team? 
l:y·~':r:N~O::' 
2 
please specify ••••••••••••••••••••••••••••••••••••••••••••••• 
.............................................................. 
Had you been trained to do the job. you dld1 
If NOT, which jobs? 
· ............................................................ . 
............................................................. , 
.............................................................. 
.............................................................. 
.... , ........................................................ . 
YOUR WORKLOAD 
10. What peT cent of youT tine were you overworked? 
oxrl-------------------------1 100% 
11. Do you have any Tecom~endations for redistributing your workload 
to achieve greater efficiency? If 80 t please explain. 
· ............................................................ . 
· ............................................................ . 
.............................................................. 
A- 67 
'5-'6 
'7-118 
'9-50 51-52 
53 
CCI 54-55 
56 
1::J::157-58 
1::J::159-60 
1::J::161-62 
1::J::163-64 
1::J::165-66 
1::J::167-68 
1::J::169-70 
1::J::171-72 
1::J::173-74 
ANNEX 11.1 
12. What percent of your time vere you underworked? 
0% 100% 
Yes No 
13. If underworked, did you help other crewmen? I 
2 
If 80, please explain • 
..................................... ....... ............. . 
...... ...................... . ........ .......... ..... ..... . 
••••••••••••••••••••••••••••••••••••••••••••• t •••••••••••• 
14. Did other erew Members help you to do your duties? 
duties 
Cdr Gnr Ldr Dvr 
........................... 
................... , ..... . 
.......................... 
.......................... 
.......................... 
2 3 
IS. Please comment on each crew members workloads, as you saw it. 
under worker ~u8t rhht over worked 
Commander 
Gunner 
Loader 
DriVer 
- 2 3 
A- 68 
I ::I:17S-7f 
77 
CARD 6 
APRE NO 
IIll] 1-4 
5 I::I:I 
6-7 
8 I::I:I 
9-10 
1I1::I:1 
12-13 
141::I:1 
15-16 
171::I:1 
18-19 
20 
21 
22 
23 
ANNEX 11.1 
16. Could any crewman have helped you, but dld not do a01 
Job No of times Cdr Cnr Ldr Dvr 
•••••• ! •••••••••• ................. 
......... ........ ................. 
• '0, ............. ............. , ... 
· ................ ................. I 
2 3 4 
17. When did other erewmens jobs interfere with your own? 
Job No of times Cdr Cnr Ldr Dvr 
.. ... . '" , ....... ................. 
· ................ ................. 
· ................ ................. 
................. ................. 
IS. What situations did you find it difficult to cope with and 
hOW' otten? 
Situation 
............................ 
up to over 
once twice S 5 daily 
:==:::' ~~=I :~~~I 
,=:::::::::=:=:;=1 
:~~~=I '-,~-,2~-,3~-,4~-.5-1 
A-69 
241J:II:1 
25 28 
29[o::rl 
30 33 
341J:II:1 
35 38 
391III1 
40 43 
I 441III1 45 48 
1 491III1 50 53 
1 541:CO:::I 55 58 
1 591:CO:::I 60 63 
641I165-66 
671I168-69 
701I171-72 
73III74-7S 
1..2. .1 79 
ANNEX 11.1 
19. What jobs did you find tiring? 
Job No of times COllDllents 
Radio Y N 
Dl In Y N 
Sentr Y N 
Track bsshln Y N 
Resto .... ammo Y N 
Surveillance Y N 
Csmoufla e Y N 
Night driving Y N 
Drlvln Y N 
Closed down Y N 
Road march Y N 
Hides Y N 
Track disc! Une Y N 
ioIaitln Y N 
Other (specify) y N 
Other (s ec1f Y N 
2 
20. What tasks (If any) did you omit or short-cut. to get the job 
done1 
Task No of times 
omit short-cut Comments 
· ................ , ...... I 1 ................ 
.... .................... 
1 I I I I I I ................ 
..................... 0" I I I I I I 1 ................ 
· .. , .................... I I I I I I I . ............... 
21. Old any event make you feel more stressed than usual? 
If so ""hat? 
................................................................... 
· ................................................................. . 
... . ... . ........ " ................................................ . 
........................... , ................................ '" ... . 
A-70 
CARD 7 
APRE NO 
1::o:I:I 
1-4 
5-8 
9-12 
13-16 
17-20 
21-24 
25-28 
29-32 
33-36 
37-40 
41-44 
45-48 
49-52 
53-56 
57-60 
1
=161 62-65 
_ 66 67-70 
III 79 
CARD 8 
APRE NO 
1::o:I:I 
1-4 
5-l01II 
11-12 
13-l81II 
19-20 
21-261I1 
27-28 
2H41I1 
35-36 
1:::C1 
37 38 
ANNEX 11.1 
22. How did you feel at the end of the exercise? 
fit Had enough Exhausted 
! 1 
2 3 
23. HoW' much Longer -
o. Could ~ have continued? b. Could the ~ have continued? 
24. At 
Len than a day 1==1 
A day 1==1 2 
A few days 1==1 3 
A week 1==1 4 
Over a week 1==1 5 
the end of the Exercise was 
Excellent 
Good 
Average 
poor 
Hopeless 
1 
2 
3 
4 
5 
Less than a day 1==1 
A day 1==1 
A few days 1==1 
A week 1==1 
Over a week 1==1 
the crews efficiency? 
25. ~lch of your crew tasks did you find particularly satisfying? 
2 
3 
4 
5 
· .. , ... , ........................................................ . 
· ....... , ....................................................... . 
· ............................................................... . 
THE APRE TESTS 
26. How did you feel about the tests during the half-hour stops? 
Enjoyed 
Liked 
Done I t mind 
Didn't like 
Strongly disliked 
1 
2 
3 
4 
5 
A -71 
39 
40-41 
42 
II143-44 
II145-46 
1]:1 47-48 
49 
ANNEX 11.1 
27. What comments do you have about these tests? 
................................................................... 
.................................................................... 
.................. .......... ..................... ................. .. 
28. How did you fill in your activity log? 
Aa you went along I I ~I During balts 
At longer intervals 
Describe any problems you had filling in the log •••••••••••••••••• 
.......................... , ....................................... . 
.... . .................... ............. .... .... .... ................ . 
................................................................... 
A -72 
III 
50 51 
52 
III 
53 54 
I 8 I 
79 
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ANNEX 11.1 
, 29. What do you consider. to be the advantages or a 3 man crew? 
30. What do you consider to be the drawbacks ot a 3 man crew? 
,. 
. .......... '," " ........... , . " ........................ . 
31, Overallj do you consider that a 3 man'crew 1s acceptable? 
YES I NO 
A-73 
,--------------------------- - - - - - - --- - -----------
ANNEX 11.1 
Date _-'-___ _ Troop _______ _ Crew Station ______ _ 
How difficult Is it to How difficult Is it 
I~et a Rood end result? to actually do this? 
~ 
very very very very 
easy difficult easy difficult 
HIUES , 
Achieve 
minimum 
light and 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
noise 
Position 
vehicles 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
correctly 
Radio. 
dise!pline 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
Track 
discipline 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
Camouflage 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
Dig trenCh~~ (NBC/weaDon 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
Position 
Sentries 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
DO sentry duty 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
Maintenance 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
NBC drills 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
Ba t tle/hide 
discipline 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
Hides J!:enerally 
Achieve 
concealment 
from air 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
and ~round 
Achieve all 
round defence 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
Make sure of 
an easy 1 2 3 4 5 6 7 1 2 3 4 5 6 7 
breakout 
Replens 
Re pIen 234567 234567 
A-74 
> 
I 
~ 
Amount of sleep 
(to nearest 5 mins) 
Hrs Mins 
In tank DJ] 
Out of tank DJ] No. of sleep periods 
General quamy of sleep: 
Work: was your work 
Broken sleep 
Heavy sleep 
Wake up tired 
t 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Physically exhausting 
Mentally exhausting 
Very boring 
Were you very active 
Was your work very easy 
Was your workload very ligh 
Did you feel overloaded, Neve r 1 
2 3 
2 3 
2 3 
2 3 
2 3 
2 3 
2 3 
2 3 
2 3 
2 3 
4 5 6 7 
4 5 6 7 
4 5 6 7 
4 5 6 7 
4 5 6 7 
4 5 6 7 
4 5 6 7 
4 5 6 7 
4 5 6 7 
4 5 6 7 
In tank . DJ 
Out of tank DJ 
Unbroken sleep 
light sleep· 
Wake up refreshed 
Physically relaxing 
Mentally relaxing 
Very interesting 
Very idle 
Very difficuh 
Very heavy 
Most of the time 
In doing my crew tasks, I am now about this percent of my best. Please mark the line. 
% 50% 100% tolall Totally 
exhausted 1---________ ...J... __________ ---I, efficie~t 
Special difficuhiesf worst part of work 
50·54 
55-59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
DJ 
70 71 
tr1 
'" 
"' 3
'" 0 ...., 
en 
::r 
0 
::. 
c 
(1) 
en 
~ 
o· 
:s 
:s 
"' ::;. (1) 
00 
::r g 
~ 
> ~ 
~ 
-
-N 
> , . 
"'I 
C>\ 
Time 
Call signSubj No,Session Day 
11 I 1 I 1 I 1 I 
0 4 0 0 
1 2 0 0 
2 0 o 0 
1 8 _ .. _ .... 
feel 
- --
definitely 
-
RELAXED 
RESTFUL 
APPREHENSIVE 
ENERGETIC 
UNEASY 
DEJECTED 
NERVOUS 
PEACEFUL 
IDLE 
ALERT 
CONTENTED 
SLUGGISH 
SLEEPY 
CALM 
ACTIVATED· 
. 
feel 
. 
------
. 
not sur e 
---
do nt feel 
14 
15 
16 
17 
18 
19 . 
20 
21 
22 
23 
24 
25 
26 
27 
28 
12 
[!] Soldier's initials· 
13 -------------
definitely 
............ 
TENSE 
ACTIVE 
WORRIED 
DROWSY 
BOTHERED 
DISTRESSED 
. VIGOROUS 
TIRED 
UP-TIGHT 
LIVELY 
CHEERFUL 
JITIERY 
PLEASANT 
COMFORTABLE 
STIMULATED 
.. .. .. .. .. 
feel 
---
feel 
-
--'-
.. ........ 
not sur e 
--
do nt feel 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
tT1 
x 
'" 3
<1> 
0 
...., 
'" 
~ 
> ., ~ ~ '" -> ., 0 
c ... 
'" ~ ... 
n .... 
:r 
<1> 
n 
~ 
en' 
n 
'" 
., 
0. 
SUBJECTS INITIALS ___ _ 
CALL SIGN S.NO. DAY 
IN TANK ACTIVITIES I CGLD STARTTIMEI L. --''---L--,----,I HRS 
1 6 7 8 11 
INSERT START TIME START TIME PLUS 1 HOUR 
.. oohrs 30 + 00 30 00 
OFFICE USE 
+ 30 00 .30 .00 00 30 
: 1 
i 1 
: 1 
: 1 
i 
: 
....L 
: 
• 
~ 
: 
....L 
~ 
: 
• 
i 
> 
I 
::! 
1L-~SIU~R~V~E~IL~LA~NC~E __ -+-4 __ ~:-+-+-4 __ ~'-t-+~~:~t-+-1-~:~t-+-1-~:~t-;12 3 
2~~RA~D~)I~OW~A~T~CIH~~~--r~·:-f~--r-~:-+~~r-~:-+~~r-~:-+~~r-~:-t-,14 5 3~~R~EA~D~M~AP~)M~.AVU'IG~.A~T~E~-r~:-f~ __ r-~:-t~-4r-~·-+~~r-~:-t~~r-~:-+-;16 7 
4~~DIR~~~'I~NG~~~~1-~-+:-f~--~·~:-t~~r-~:-t~~r-~:-t~~r-~:-t~18 9 ~~~rO~IIR~R~~·T~IN~~G~;¥.OIR~I~VE~R~1--r-+:-f~ __ r-~:-t~~r-~:-+~~r-~'-t~~r-r:-t-;20 21 
6~~IIF~CS;~FNG~.A~AG~IE~M~E~N~T1--r-+'~-4~~+:-t~~r-~:-t~~r-~:-t~~r-r:-+-;22 23 
7~jM~A~IN~TEIN~AQN~CElli==~~=+'~~==~t:=+~~~t:=+~~~t:=+~~~~'=+~24 25 1.1. P CON ROl : : : : . 26 7 
9~~L~A~D~IN~G~~ __ ~-+-+:-4-4~~'~~r-+-+:~~~r-~:-+-+-f~:~~28 29 1~n~RE~FS~Ta~W~'A~M~M~O __ -r-r-+:-+-f-4~'~r-r'~-+:-+-4~~:r-r-t-t-~:-i~30 31 
1Ul1UR~E~SnUT~(O~'W~O'T~H~ER~~~r-'~' -+-+-4-4:-4~r-r-~'-+-+-4~:~r-r-t-+:-f~32 33 lt2~STA\~RT~U~P~ OIR 111 ~LS:=:t+=t: =+::t=t~:~~~t=t: =+=t=1='~:;=~t=+=+:=1=t34 35 L' A' : : : ; : 36 37 
1~1.4~W~~~T~IIM~~~IR~IE~S·T~IN~(GL--r-+~: __ r-+-1-~:-t~ __ r-+:~ __ r-+-~:~t-1--r-t:-f~38 39 
1~5S~IL~EEIP~)II~NG~~~-4-4~'~~r-+-+:-4-4~~:r-r-+-+-~:-4~r-r-~'-+-;40 41 
16 APRE& OFF TANK : : : : : 42 43 Ht(O~U~~~~~e~~~e~h~a~~~hteS~)::t=±=jit:t=i::E:t::i~t=t=i::3t=t=i:=:t:i:i:=E:f::j:=j 17 I (soecifvl : : : : : 44c=J45 18 UIHI Hsoecitv) : : ; : : 46c=J47 
trl ,. 
'" 3
(to 
0 
...., 
Er > 
(to ~ 
-:s ~ -i 
-
-i.> 
• 
ANNEX 11.4 
Example of score sheet for Military Activities. <Reduced in size) 
Date ::J::J::J::JCC.I Tillle I::J=C~I Troop __ -;-;-
6 7 10 11 
Harker'e Initials ___ "'" 
12 
I. Plc.,e take account of the circulIIstances in ~hlch the troop .. re operating. 
2. Award mark. for whole troop perCormance by circling the appropriate characters. 
AsEcct 0' How effective Is Hov efficiently vas Errors or 
.!!.!! the end result? thia .ch!)~edl other (.ee over COllllllcnt8. 
Office Use: 
If yes. 
£ .. pIe ... ~ • • ~ cowaent 
.; 
.j ~ 0 • overleaf .. ..
• u u u and 
• t'.:: ~ .. ~ ~~ ~~ "~ c.1rc:le Y O~ .~ O~ .
RIOtS •• •• .0 •• 
MinimulII 
light and 1 , 3 , 5 , 7 1 , 3 , S ., 7 Y ,," 
" 
15 
noile 
Position 0' 1 2 3 , S , 7 1 2 3 • S , 7 .y " 17 18 vehicles 
.... '0 
diac:hlline 1 2 3 , S , 7 1 2 3 4 S 6 7 Y 19 20 21 
Tnck 
discipline ~ 1 2 3 4 S , 7 1 , 3 4 S , 7 Y 22 23 
" 
C.mouflage 1 2 3 4 5 6 7 1 , 3 ., S , 7 Y 25 26 27 
Trenehu dug 
(NBC/we.Don) 1 2 3 , 5 6 7 1 , 3 , 5 , 7 Y 28 29 30 
Sentries 1 , 3 , S , 7 1 , 3 , S , 7 Y 31 32 33 
tlalntenance 1 2 3 , S , 7 1 , 3 , S , 7 Y 
" 
35 36 
flBC drUb 1 , 3 , S , 7 1· 2 3 , S , 7 Y 37 38 39 
Bntle:/hlde 
dlschl1ne 1 2 3 , S , 7 1 , 3 4 S , 7 Y '0 
" 
42 
Othe<l' 1 2 3 , S , 7 1 , 3 , S , 7 Y 
" " 
'5 
Tent (set up) Y 
" 
Dv 111< .ra S$e8SIl'H~n 0 f Hid 
" 
Concealm.ent 
frOIl dr 1 2 3 4 5 , 7 1 2 3 4 S 6 7 y 47 48 49 
and ground 
All round 
defence 1 2 3 , 5 , 7 I 2 3 , 5 , 7 Y SO 51 52 
tu,. 
breakoue I 2 3 , S , 7 I 2 3 4 S , 7 Y S3 54 SS 
Overall Assessment of Replen: 
Replen 234567 234567 T 56 . 57 S8 
A -78 
Table 11.1 
Summar): Statistics 
~ STANDARD DEVIATIONS 
Exercise Day Recovery Day Exercise Day Recover), Day 
Baseline 12 -2 6 Baseline 12 2 ~ 4 man 3 man 4 man ""3 man 4 ms'n 3 man 4 man 3 man 4 man 3 man " man) man 4 man-3 Han • man 3 man 
Body weight 74.67 75.05 73.26 73.12 73.20 73.86 73 .91 7'.55 7.33 9.97 6.68 8.96 7.09 9.32 6.83 9.34 
sklnfolds 35.25 37.08 32.3' 35.50 33.03 3' .83 33.04 35.60 8.41 It.15 8.83 11.92 8.20 10.35 L72 11. 58 
t body fat 14.46 15.00 13.36 1'.33 13.68 14.20 13.70 l' .35 2.67 3.21 3.03 3.70 2.68 3.40 2.61 3,84 
IJ1ngste 
Peak power W '28.61 "0.7 476.52 '47.31 411.96 '22.42 '04.01 '27.51 71.26 83.01 61.23 82.34 64.3667.8' 57.00 80.93 
Hean po we r W 288.66 29' .02 326.72 305.94 270.59 272.92 268.53 271. 68 47.07 52.96 30.58 56.25 36.3045.74 '0.56 57.67 
> Power decrese 
I W/sec 9.13 9.57 \j;J 10.46 9.42 9.19 9.09 9.01 9.77 2.57 2.79 2.50 2.55 2.07 2.93 1. 69 2.91 
Peak power 
W/kg 5.73 5.88 6.49 6.15 5.60 5.75 5.48 5.74 0.79 0.79 0.64 1.11 0.57 0.80 0.73 0.83 
~ean power 
"/kg 3.85 3.91 4.46 4.21 3.69 3.69 3.64 3.63 0.42 0.42 0.33 0.76 0.27 0.40 0.51 0.52 
Power decrease 
~ 52.62 52.18 53.57 51.86 55.45 52.99 54,44 54.89 9.34 9.01 9.24 8.12 7.88 11. 75 6.40 9.21 
Cybex 
Fledon Nm 64.30 63.79 54.97 59. SS 62.05 60.78 56.63 57.30 12.09 6.76 8.45 8.27 7.12 7.90 6.49 8.25 
Extension Nm 85.00 86.21 87.84 88.14 98.20 90.98 89.95 87.05 12.72 15.38 12.34 13.01 11.49 13.43 11. 28 11 .83 
F1exion Nm/kg 0.854 0.854 0.748 0.814 0.846 0.828 0.764 0.768 0.142 0.074 0.087 0.064 0.075 0.073 0.065 D.D4E 
ExtenSion Nm/kg 1.14 1.15 1.20 1. 20 1. 34 1.23 1.22 1.20 0.18 0.12 0.14 0.06 0.13 0.10 0,14 0.10 
FIE rat 10 0.758 0.151 0.628 0.679 0.637 0.671 0.636 0.659 0.106 0.095 0.062 0.048 0.078 0.065 0.091 0.04i 
Age: Mean SD 
4 man 23.33 3.68 
3 man 23.06 3.56 
Table 11.2 
E ustlons describin re resslon lines for 
oxygen uptake heart rate relationships for each group 
l.mln- 1 
4 man 3 msn 
a b a b 
p,. 
-'.296 '9.59 -1.498 22.4' 
Post 
-'.339 20.61 -1.271 20.03 
+2 -1.430 22.38 -'.484 23.76 
+6 -'.866 24.05 
-'.90' 25.40 
ml.min-I,kg 
4 man 3 man 
a h a b 
Pre -'7.765 0.265 
-20,'59 0.30' 
Post -'8.586 0.282 -.7.527 0.277 
+2 -19.716 0.306 -20.377 0.325 
+6 -25.685 0.328 -26.073 0.345 
Table 11.3 
" ANALYSIS OF VARIANCE. OF THE STRESS SCORES - BETWEEN GROUPS 
ANALYSIS OF VARIANCE TABLE - ALL GROUPS 
TRANSFORM - Arcslne Transformed 
)lource Sum of SQS OF Hean SQ F Ordinary Conservative 
Between Groups 
4-man v 3-man 3583,9964 
Subjects 
(within groups) 62400,5'36 
B Day 14657:3550 
C Time of day 5878,0521 
Croup x B 1712:3074 
Subject x B 
(within groups) 35337:5040 
Group x C 252,21'8 
Sub.1ect x C 
(within groups) 3667,3662 
B x C 5955,3964 
Groups x B x C 3184:0040 
Residual 3298. ,8490 
TOTAL 169610:5559 
GRAND MEAN 28.2193 
Significance Level: 
*** p < 0.001 
** p < 0.01 
'" P < 0.05 
NS - Not Significant 
.8 
.5 
2 
.5 
270 
2 
36 
30 
30 
540 
959 
Tests Tests FI, 18 
3583,9964 1:03 I, ~18) NS NS 
3466,6952 56,76 '8,540) ••• 
977: 1570 7:47 '5,270) ••• , 
2939,0260 28,85 ( 2, 36) ••• . .. 
114: 1538 0,87 '5,270) NS NS 
130,8796 2,,4 (270,540) ... 
126:1059 1:24 2, 36) NS NS 
101 :8113 1:67 36,540) * 
'98,5132 3,25 30,540) ••• NS 
'06,1335 I: 74 30,540) 
" 
NS 
6.,0775 
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Table 11.4 
ANALYSIS OF VARIANCg OF THE AROUSAL SCORE - BETWt:EN CROUPS 
ANALYSIS OF VARIANCE-TABLE - ALL GROUPS 
TRANSFORM 1 - Arcslne Transformed 
Source Su .. of SQS OF Hean SQ r Ordinary Conservative 
Tests Tests Ft ,18 
Between Croups 
4-man v 3-man 
crews 23195:5851 I. 23195:5851 3:94 ( I, 18) NS NS 
Subjec.ts 
(within groups) 105852: 2839 18 5880:6824 37:20 18,540) ... 
B Days 42775:2653 15 2851:6844 9:73 15,270) ... .. 
C Time of Day 55828: 1892 2 27914;0946 39:92 2, 36) ... ... 
Group x • 6452:6734 15 430:1782 1 :47 15,270) NS NS 
Subject x B 
(within groups) 79161:0081 270 29): 1889 1:85 (270.5'0) ... 
Croup x C 3205:6898 2 1602:8449 2:29 2, 36) NS NS 
Subject x C 
(within groups) 25170:7451 36 699:1874 4:42 36,540) ... 
• x C 8617 :0769 30 287:2359 1:82 30,540) •• NS 
Group x • x C 919):4016 30 306:4467 1: 94 30,540) ... NS 
Residual 85361 :0463 540 158:0760 
TOTAL 444812:9655 959 
GRAND MEAN 42:5067 
A- 81 
- ----- - --- -- -- -----
Table 11.5 
SUMMARY OF SIGNIFICANT SELECTED CONTRASTS 
Contrast 0400 1200 2000 
4-man )-1II8n 4-man 3-man 4-man 3-man 
STRESS: 
81 v 82 •• NS • NS NS NS 
81,82 y El NS NS NS NS NS • 
81,82 v E2 NS NS NS • NS NS 
81,82 v E3 NS NS NS NS NS NS 
81,82 v £4 NS NS NS NS • • 
81,82 v ES NS NS •• NS NS • 
81,82 v £6 NS NS NS NS ... NS 
81,82 v £7 NS NS NS • NS .. 
81,82 x E8 NS NS •• • • NS 
81,82 v £9 • • NS NS ... •• 
81,82 v EI0 NS NS NS .. NS • 
81,82 v Ell NS NS NS NS • • 
81.82 v El2 NS NS NS NS NS NS 
81,82 y R2 NS NS NS NS NS NS 
81,82 v R6 NS NS ••• NS • NS 
AROUSAL 
Bl v 82 NS NS • NS • NS 
81,82 v El NS . NS NS NS NS NS 
81,82 v E2 NS NS NS NS NS NS 
81,B2 v E3 NS NS NS NS NS NS 
81.82 x E4 NS NS NS NS NS NS 
81,62 v E5 NS NS NS NS NS NS 
81,82 y E6 •• • • NS • NS 
81,82 v E7 NS NS NS NS NS • 
81,82 v E8 NA NS NS NS • NS 
81,82 v E9 NS NS NS NS NS NS 
81,82 v RIO NS NS NS NS NS NS 
81,82 y Ell NS NS NS NS • .. 
81,82 v El2 NS NS NS • NS NS 
81,B2 v R2 ••• NS ... NS NS NS 
81.82 v R6 ... • ... NS • • 
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Table 11.6 
. SUMMARY OF SIGNIFICANT FIXED EFFIi:CTS AS rOUND BY ANALYSIS or 
VARIANCE OF THE STRESS/AROUSAL SCORES 
Source of vadation St l"eSS Arousal 
e Crew size NS NS 
• Days • .. 
C Times of day ... ... 
ex' NS NS 
exc NS NS 
BxC NS NS 
GxBxC NS NS 
Table 11.7 
ANALYSIS OF VARIANCE: OF REPORTED AMOUNTS OF SLEEP (mins) - BET\lEEtl 
GROUPS 
ANALYSIS or VARIANCE TABLE - ALL GROUPS 
TRANSFORM I - Arcslne Transform 
Source Sum of SQS DF Hean SQ F Ordinary Conservative 
Tests Tests FI,IS 
Between groups 
)-man v 4-man 74:9060 74,9060 0,27 NS NS 
Subjects 
(within groups) 4921: 7tH 18 273,4287 3,50 ... 
Conditions Days 20760:0840 Il 1887:2804 24:17 ... . .. 
Group 
* Conditions 960,6555 Il 87:3323 I: 12 NS NS 
Residual 15460,6684 198 78:0842 
TOTAL 42178:0311 239 
GRAND MEAN 32:3064 
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Table 11.8 
ANALYSIS OF VARIANCE OF THE REPORTED NUMBER OF NAPS - BETWEEN CROUPS~ 
ANALYSIS OF VARIANCE TABLE - ALL GROUPS 
TRANSFORM 3 - Log Transform 
Source Sun of SQS OF Hean SQ F Ordinary Conservative 
Testa Tests F 
Between groups 
it-Dlan Y 3-man 
crew 0:4504 0:4504 3:10 NS NS 
Subjects 
(within groups) 2:6129 18 0: 1452 5:36 ••• 
Cond1t1ons 
EDC days 2:4844 II 0:2259 9: 11 ••• .. 
Group 
"" Condition 0: 3452 11 0:0314 1 :27 NS NS 
Residual 4:9071 198 0:0248 
TOTAL 10:8001 239 
GRAND MEAN 0: 5138 
Table 11.9 
ANALYSIS OF VARIANCE OF REPORTED HOURS peR NAP - BETWEEN GROUPS 
ANALYSIS OF VARIANCE TABLE - ALL GROUPS 
TRA~SFORH 3 - Log Transform 
Source Sum of SQS OF Hean SQ F Ordinary Conservative 
Tests Tests F 
Between groups 
4-man y 3-man 
crews 0:0138 0:0138 0:35 NS NS 
\ 
Subjects 
(within groups) 0: 7111 18 0:0395 1:20 NS 
Cond1tlons 
EDC days 4:2596 11 0:3872 11;74 ••• •• 
Croup 
* Condition 0:6308 11 0:0573 1:74 NS NS 
Residual 6:5309 198 0:0330 
TOTAL 12:U62 239 
GRAND MEAN 0:4}20 
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Table 11.10 
ANALYSIS OF VAR[~NCe OF THE SUM OF 3 SLEEP RATINGS - BETWEEN CROUPS; 
ANALYSIS OP VAR[ANCP. TABLE - ALL GROUPS 
TRANSFORM 0 
Source Sum of sgs OF Hean SQ r Ordinary Conservative 
Tests Tests FI,tS 
Between Croups 
4-lftan y 3-man 
crews 34:4288 )4:"288 0,31 NS NS 
Subjects. 
(within groups) 2030,6256 18 112,8125 8d2 ••• 
Conditions 
EDC days 256:0751 11 23,2796 1,68 NS NS 
Group 
'* Condition 37,7828 .11 3:4348 0,25 NS NS 
Residual 2750:0094 198 13,3889 
TOTAL 5108:9217 239 
GRAND MEAN 11:9478 
Table 11.11 
SUMMARY OF SIG~IFICANT FIXED EFFECTS AS FOUND BY ANALYSIS OF 
VARIANCE OF SLEEP AMOUNT AND qUALITY 
Source of variation Sleep(m) No.naps Rn/nap Sum of 3 ratings 
G Crew size NS NS NS NS 
• Days ••• •• • • NS 
Gx. NS NS NS 
A-SS 
Tab1e 11.12 
ANALYSIS OF VARIANce OF THE COHBINED WORK RATINGS - BETWEEN CROUPS I 
ANALYSIS OF VARIANCE TARLF. - AI.L CROUPS 
TRANSFORM 3 - Log Transform 
Source Su.. of SQS DF Hean SQ F Ordinary Conservative 
Tests Tests 1.18 
Between groups 
I.-man v 3-man 
crew 0:0844 0:0844 0:44 I, 18) NS NS 
Subject 
(wl thin groups) 3:4)56 18 0: 1904 50: 10 ( 18,540) ••• 
B Days 1:2267 15 0:0818 14 :54 15,270) ... •• 
C Time of day 0:0059 2 0:0029 0:77 2, 36) NS NS 
Croup x B 0: 1068 15 O:OD71 I! 27 15,270) NS NS 
Subject x • 
(within groups) 1:5185 270 0:0056 I! 48 (270,540) •• 
Group x C 0:0031 2 0:0016 O~41 ( 2, 36) NS NS 
Subject x C 
(within groups) 0: 1374 36 0:0038 1:00 36,540) NS 
B x C 0:4855 30 0:0162 4:25 30,540) ••• NS 
Group x • x C 0: 1854 30 0:0062 1:62 30,540) * NS 
Residual 2:0572 540 
TOTAL 9:2466 
GRAND KEAN 1:4779 
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Table 11.14 
0'. 
Sourc.e of Variation SIgnificance 
e Crew size NS 
0 Days .. 
·e Times of day NS 
exo NS 
exe NS 
OxC NS 
CxBxC NS 
Table 11.15 
ANALYS[S OF VARIANCE OF' % Et'FICIENCY OF BEST - BETWEEN CROUPS 
ANALYS[S 0' VARIANCE TARLE - ALL CROUPS 
TRANSFORM 1 - Areslne Transform 
Source SUID of SQS 0' Hean SQ , Ordinary Conservative 
F Tests Test F( 1,18) 
Between groups 
4-man y 3-man 
crews 6,5500 6,5508 0,00 I, 18) NS NS 
Subjects 
(within groups) 62651,2355 18 3480:6242 83,89 18,540) ••• 
B Day 14773:8846 15 984,9256 7,40 ( 15,270) ••• • 
C Time of day 8838,7909 2 4419:3954 18,31 2, 36) ••• ••• 
Group x B 2827,0007 15 188:4667 1:42 15,270) NS NS 
Subject • B (wIthin groups) 35923:5903 270 133,0503 3,21 (270,540) ••• 
Group 'X C 235,4039 2 117:7019 0:49 ( 2, 36) NS NS 
Subject • C (within groups) 8687 :6M4 36 241 :3246 5,82 36,540) ••• 
B • C 2915:3790 30 97: 1793 2,34 30,540) ••• NS 
Group • B x C 1436:0592 30 47:8686 1: 16 30,540) NS NS 
Residual 22405,6617 540 41 :4920 
TOTAL 160701 :2410 959 
GRAND HEAN 63,8175 
A-87 
Table 11.16 
Source of variation Significance 
e Crew siz.e NS 
B Days • 
C Times of day ... 
OxB NS 
exc NS 
BxC NS 
GxBxC NS 
Table 11.17 
SUMMARY OF SIGNIFICANT SELECTED CONTRASTS OF PERCENTAGE EFFICIENCY 
Contrast 0400 1200 2000 
4-man 3-man 4-man 3-man 4-man 3-man 
81 v 82 NS NS NS NS • NS 
BI,82 v El NS NS NS NS NS NS 
BI,82 v E2 NS NS NS NS NS NS 
BI,82 v E3 NS NS NS NS NS NS 
81,82 v E4 NS NS NS NS NS NS 
Bl.82 v E5 NS NS NS NS NS NS 
8l,B2 v E6 • NS NS NS NS NS 
81,82 v E7 NS • NS • NS •• 
Bl,82 v E8 NS •• NS • NS NS BI,82 v E9 NS· NS NS NS NS • 81,82 y EI0 .. • NS • NS • 81.82 v Ell • NS NS NS NS NS 
Bl,82 v El2 NS NS • • NS • 
81.82 v R2 ... NS • NS • NS 
8t,82 v R6 ... .. .. .. • .. 
A-SS 
Table 11.18 
TlHt:: ON EACH ACTIVITY PF.R CREW STATION PER TROOP (Hours per "'An) 
Sedal Activities 4-t11an Crew 3-man Crew 
C G L o C G o 
Surveillance 71.8 37.9 14.7 22.9 51.2 66.9 28.8 
2 Radio' Watch 195.3 1.8 90.6 2.4 12.2 22.6 3.2 
3 Read map/navigate 83.5 0.7 1.4 0.1 58.25 1.75 1.4 
4 Driving 
5 Direct Driver 
6 lFCS Engag. 
1 Haintenance . 
8 Troop Control 
9 Loading 
10 Restow atllJllo 
11 Restow other 
12 Statt up drill 
13 Cook/eat 
14 Wait/rest 
15 Sleeping 
16 APRe & Off Tank 
11 Other 
18 Other 
C ., Commanders 
G ., Gunners 
L .. Loaders 
o .. Drivers 
1.3 1.6 95.2 1.00 0.5 107.25 
88.2 2.6 3.25 54.8 2.2 0.2 
26.8 20.1 1.0 
18.1 7.4 12.5 11.9 
45.1 0.4 1.1 
1.1 0.1 18.25 
5.0 4.1 12.9 0.3 
4.0 4.0 1.0 1.4 
2.1 0.8 0.1 0.9 
9.75 10.0 9.4 8.6 
32.3 42.5 23.4 41.3 
39.9 34.25 42.15 49.4 
37.6 50.75 60.7 34.6 
21.4 39.1 24.0 22.3 
26.3 20.0 23.0 17.3 
32.25 43.2 0.1 
13.4 1l.6 1.8 
26.0 0.1 
1.8 
9.15 5.8 
1.58 6.1 3.2 
4.25 3.8 1.0 
8.25 4.6 4.1 
22.15 33.3 31.2 
21.1 36.4 46.8 
55.8 49.2 38.3 
25.4 37.25 26.0 
7.25 13.7 2.1 
Times quoted refer to time per activity regardless of whether the activity was 
performed alone or Simultaneously with other activities. Radio watch refers 
to all in-tank radio watch, restow ammo includes taking ammo on-board as well 
as lull In battle restowage. Activities listed as ·other" are all "off-tankN 
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Table 11.19 
TIHF. ON EACH ACTIVITY PER TR00P 
Activity Total time pe. tank (hrs) Hean hours per man 
I.-man 3-man 4-man 3-raan 
Surveillance 197 153 '9 51 
Radio Watch 290 98 7J 33 
Read map/navigate 86 61 21 21 
Driving 98 109 25 36 
Directing driver 9' 57 2. 19 
[Fes engage 
'8 76 12 25 
Haintenance 50 33 13 11 
Troop control 
'7 27 12 9 
Loading 19 2 5 0.5 
Restolol ammo 23 16 6 5 
Restow other 16 17 • 6 
Start up drill 5 9 3 
Cook/eat 38 18 10 6 
\laft/rest 1'5.5 93 36 31 
Sleeping 166 110 
'2 37 
APRE & off tank 18' 1'3 '6 '8 
Other 107 89 27 30 
Other 87 23 22 8 
L (a) '28 L (b) 379.5 
L a- L b • '8.5 
48.5 - 11% of L (.) 
A-90 
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Table 11.20 
TIME ON ALL IN-TANK ACTIVITIeS (SUMMED) PER CREW STAnOH PER TROOP j 
Hours per- man 
4-man crew 3-man cr'ew 3-man as a % of 4-man 
COl'Cllllanders 710.25 485.1 68.3 
Gunners 326.7~ 338.8 to, 
Loaders 3'3.67 
Drivers 319 308.4 97 
Hean reported hours 
per man per troop 424.9 ·377 .4 89 
Table 11.21 
EXCLUSIVELY 'IN TANK' ACTIVITIES (SUMMED) PER CREW STATION PER 
Hours per .. n 
4-man 3-man 3-man as a % of 4-man 
Commanders 5'2.9 338.5 62 
Gunners 130 164.4 126 
Loaders 160 
Drivers 139.5 153.3 110 
Hean hours per man 
per troop 243.1 218.7 90 
Table 11.22 
'OFF TANK' AND 'OTHER' ACTIVITIES (SUHHED) PER CREW STATION PER 
Hours per man 
4-man )-man 3-man as 8 % of 4-man 
COllllllanders 167.3 146.6 87.6 
Gunners 196.7 174.4 88.6 
Loaders 183.25 
Drivers 179.5 155. I 86.4 
Mean hours per man 
per troop 181.7 158.7 87.3 
Activli"les listed as "other" were all off-tank. 
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Table 11.23 
TOTAL TIHE ON COMBINATIONS OF ACTIVITIes PER CREW STATION PER TROOP 
Hours per man 
4-man 3-man 
Commanders 92.25 77 .4 
Gunners 17.7 33.7 
Loaders 26.9 
Drivers 17.5 0.3 
Table 11.24 
:s LMUl.l'ANfo:OUS IN-TANK ACTIVITIES 
Host frequent combinations of activities per crew station per troop. 
Crew Station 
Commanders 
Gunners 
Loaders 
Drivers 
Activities 
Surveillance. radio 
watch. map/navigate 
All the above plus 
direct driver 
All the above plus 
IFCS 
All the above plus 
Troop control 
Radio watch plus 
surveillance 
Surveillance plus 
[reS 
Radio watch 
Surveillance 
Surveil lance 
Surveillance plus 
drLving 14 
0.6 
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Table 11.25 
SIMULTANEOUS ACTIVITIES 
Time on each activity within 8 combinatIon 
troop). 
Activity 
Surveillance 
Radio Watch 
Map/navigate 
Driving 
Direct driver 
IFCS 
Maintenance 
Troop control 
Loading 
Restow ammo 
Restow other 
Start up drill 
Cookleat 
C .. Commander 
C .. Gunner 
L .. Loader 
o .. Driver 
4-IIIan 
C G L 
65 17.5 16.4 
85.75 0.3 26.4 
71.3 
77 .1 
27.5 16.4 
2.25 0.2 1.1 
34.9 
12 
0.75 0.5 
0.3 
0.5 
0.1 0.5 
of activities (per crew station per 
Hours per man 
3_8n 
0 C G 0 
14 48.25 33.3 0.01 
0.6 40.75 . 17.5 0.3 
55.25 1.7 
17 .. S 
55.7 1.7 
16.4 34 .. 5 20.1 
0.2 0.25 0.2 
68.5 
0.75 2.4 0.2 
1.4 0.25 
0.3 2.75 
0.1 
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Table 11.26 
SI~ULTANEOUS IN-TANK ACTIVITIES 
Time spent in co_blnation as a percent of total time reported for each 
activity per crew station per troop. 
Activity 
Surveillance 
Radio Watch 
Read map/navigate 
Driving 
Direct driver 
IFCS 
Maintenance 
Troop control 
Loading 
Restow ammo 
Restow other 
Start up drill 
Cook/eat 
C .., Commander 
C .., Cunner 
L • Loader 
o - Driver 
4-man 
C G 
90 20 . 
44 18 
85 
87 
100 82 
12 2 
78 
16 
19 10 
Percent 
3-man 
L 0 C G 
100 61 84 50 
29 24 57 78 
95 95 
18 
100 76 
100 100 47 
9 2 
44 
66 
4 25 3 
5 19 
8 72 
5 
A-94 
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0.3 
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Table 11.27 
ANALYS(~ OF VAR[ANCE OF TilE ADDITION TeST - NUHRER CORRF.CT BeT\ol~:EN 
~ 
ANALYSIS OP VARIANCK TABLE - ALL GROUPS 
TRANSFORM 0 
Source Sum of SQS OF Hean SQ F Ordinary Tests Conservative 
Tests (1,18) 
Between Groups 
4-man v 3-Ulsn 
crews 1042: 1006 I 1042: 1006 I: 13 I, 16) NS NS 
Subjects (within 
Groups) 16575,9357 18 920,8853 88d 7 18,540) ... 
B Day 1419:0406 15 94,6027 6,90 15,270) ••• • 
C Time of Day 4056,0251 2 2028:0126 65,21 2, 36) ... ••• 
Group x 8 11 "8327 15 1:4555 0,54 ( 15,270) NS NS 
Subject x 8 
(within Groups) 3703,8142 270 13,7178 1:31 (270,540) •• 
Group x ·c 72:4679 2 36,2340 1: 17 2, 36) NS NS 
Subject x C 
(within Groups) 1119,6736 36 31,1020 2,98 36,540) ... 
8 x C 1561:2749 30 522,0425 4:98 30,540) ••• • 
Group x 8 x C 465,3987 30 15,5133 1:49 30,540) • NS 
Residual 5639,8264 540 10:4441 
TOTAL 35767,3906 959 
GRAND MEAN 14:2031 
Significance Level: 
""** p < 0.001 
U P < 0.01 
* P < 0.05 
NS • Not Significant 
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Table 11.28 
ANALYSIS OF V AR [ANCt; OF THe FOUR CHOICE REACTION TIHF. TEST - NUMBER 
CORR .. :CT BF.1VF.EN CROUPS 
ANAl.Y5I!\ OF' VARIANCE TABLE - ALL CROUPS 
TRANSFORM. - Arc sine Transfor~ 
Source Sum of SQS OF Hean SQ F Ordinary Tests Conservative 
Test PO.IS) 
Between Croups 
4""'t1lan v 3-man 2131:0862 2131:0862 "06 I, 18) NS NS 
Subjects (within 
Groups) )60)0,1814 18 2001 :7104 31 :22 ( 18,.540) u. 
Il Days 2343: 1134 15 1549,5409 20,09 15,210) ••• ••• 
C Time of Day 37)0),)441 2 18651:6721 1)),98 2, )6) ••• ... 
Group x B 827:5895 15 55,1726 0,12 ( 15,270) NS NS 
Subject x • (within Groups) 20826,6)65 270 77:1357 1.20 (270,540) • 
Group x C 1025:0169 2 512,5084 ).68 2, )6) • NS 
Subject x C 
(within Groups) 5011: 5330 )6 1)9,209) 2.17 )6,540) ... 
B x C 14695,8451 )0 489,8615 7:64 30,540) ... • 
Croup x B x C 3905: 2740 )0 1)0,1758 2.0) )0,540) ... NS 
Residual 34625:2950 540 64,1209 
TOTAL 179625:5209 959 
GRAND MEAN 54:8699 
A-96 
Table 11.29 
ANALYSIS OF VARIANCE: OF TilE CODE SUBSTITUTION T~:ST - NUMBER CORRECT 
BETWEEN GROUPS 
ANALYSIS OF VARIANCE TABLE - ALL GROUPS 
TRANSFORM 0 
Source Sum of SQS OF Mean SQ 
Between Groups 
4-man v 3-man 
crews 104218:5800 I 104218:5800 
Subjects (within 
Groups) 258424:6439 18 14356:9247 
B Day 174840: 1272 15 11656:0085 
C Time of Day 250814:3907 2 125407: 1954 
Group x B 8500:8660 15 566:7244 
Subject x B 
(within Groups) 129945: 5635 270 481:2799 
Group x"C 4289:9984 2 2144:9992 
Subject xC 
(within Croups) 33814:0273 36 939:2785 
B x C 107731:0811 30 3591:0360 
Croup x B x C 20239:2810 30 674:6427 
Residual 196587:8899 540 364:0516 
TOTAL 1289406:4490 959 
GRAND MEAN 118:6427 
F 
7.26 
39:44 
24:22 
133:51 
1:18 
Ordinary 
Tests 
I, 18) * 
18,540) ••• 
15,270) ... 
2, 36) ... 
15,270) NS 
1:32 (270,540) •• 
2:28 ( 2, 36) NS 
2:58 36,540) ••• 
9.86 20,540) ... 
1:85 ( 30,540) •• 
A -97 
Conservative 
Test (l,18) 
• 
... 
... 
NS 
NS 
.. 
NS 
A-99 
Table 11.31 
SUMMARY Ol'~ SiGNIFICANT F[X":!) En'ECTS, AS FOUND RV ANALYSIS OF 
VARIANCE 
Sou~ce of Variation Addition 
No .. con: 
4-cholce 
No. eorr 
4-cholce 
Caps 
C 
B 
C 
CxB 
CxC 
BxC 
GxBxC 
Notes: 
crew size 
days ... 
times of day ••• ••• 
• • 
Log transform used for 4-choLce gaps 
Arcsln transfonll used for 4-choice No. correct 
. Conservative F-test used throughout 
A -101 
• 
... 
• 
Coding 
No. cor r 
• 
••• 
••• 
•• 
Table 11.32 
SUMMARY OF SICNtF(CA~ SF.LECTEO CONTRASTS 
Contrast Addition 4-choice 4-choice gaps CodIng 
4-man 3-man 4_an 1-lIIan 4-man 3_8.0 4-dlan 3-man 
Sessions at 0400 
BI v 82 
81.82 v El 
BI.B2 v E2 • • SI,S2 v E) • •• 
BI,S2 v E4 •• • •• • 
81,82 y E5 •• ... • .. .. ... .. 
81. B2 v E6 • • 
81,82 v E7 • •• • 
81, B2 vES .. • ... ... .. .. .. . ... 
Bl .82 v E9 .. • ... ... .. • ... ... 
81,82 vEtO .. ... .. .. ... ... 
81.82 v Ell ... ... • • .. .. . .. 
81.82 v E12 *.*. ... ... .. .. ... ... 
Bl,82 v "2 • • • 
B1,82 v "6 • .. .. ... • 
Sessions at 1200 
BI v 82 
B1.82 v El 
BI,82 v E2 • • 
Bl. B2 v E) .. .. •• 
81,82 v E4 
B1.82 v E; 
81,82 v E6 • 
81.82 v E7 
Bl,82 v E8 • 
81,82 v E9 .. ... ... • 
Bl.82 v ElQ •• .. 
81,82 v Ell .. ... • ... 
81,82 v EI2 • • 
81,82 x 02 • 
Bl.82 v 06 • 
Sessions ac 2000 
RI v 82 
BI,S2 v El 
81,82 v E2 
81,82 v E) 
81,82 v E4 
Bl,BZ v E; 
81,82 vE6 
81,82 v E7 • .. .. • 81.82 vES .. 
Bl,82 v E9 • -81,82 v EIO .. 
81,82 y Ell • .. •• .. • Bl,82 v E12 
- •• 81,82 v "2 • B1,82 v 06 • .. 
A-t02 
Table 11.33 
SUMMARY OF SIGNIFICANT 
4-man v 3-man Groups 
HANN-WHITHEY TESTS 
0400 1200 
Baseline • ... 02 • •• 06 • • 
Table 11.34 
SUMMARY OF SIGNIFICANT WILCOXON TESTS 
0400 1200 
Comparison· hnan 3-man 4-man 3-man 
81 v 82 NS NS NS NS 
Hean 81.62 v El NS NS NS NS 
Hean Bl.82 v E2 NS NS NS NS 
Hean 81.82 v E3 • NS NS NS 
Mean 81,82 vE4 •• NS NS NS 
Hean Bl,82 v £5 •• NS • NS 
Hean 81,82 v £6 NS NS NS NS 
Hean 81.82 v E7 •• NS • NS 
Hean 81,82 vES •• NS •• • 
Hean 81,82 v E9 •• • • NS 
Hean 81,82 v EI0 .. NS •• • 
Hean 81.82 v Ell .. NS .. • 
Hean 81,82 v E12 •• • •• • 
Hean 81,82 v 02 NS NS NS "S 
Hean 81.82 v 06 NS NS •• NS 
2000 
... 
• 
•• 
2000 
4-11180 3-man 
NS NS 
• NS 
NS • 
NS • 
NS NS 
NS • 
NS • 
NS • 
NS • 
NS • 
• • 
• .. 
NS • 
NS NS 
NS NS 
Critical values for P < 0.001, 2-tailed test not published. 
A-I03 
A -104 
Table 11.36 
SUMMARY OP SIGNIFICANT SELECTED CONTRASTS 
Contrasts 0400 1200 2000 
4-man 3-man 4-lI'Ian 3-man 4-man 3-man 
BI v B2 • NS NS NS NS NS 
81,82 v El NS NS NS NS NS NS 81,82 v E2 NS NS NS NS NS NS Bl,B2 v E3 NS NS NS' NS NS .. 
81.82 v E4 NS NS NS NS NS • 81.82 v E5 NS • NS NS NS • SI,B2 v E6 NS •• • NS NS • 81,82 v El •• •• •• NS • NS 81,82 v ES NS NS • • .. • 81.82 v E9 NS NS • NS NS NS 81.82 vEtO NS NS NS NS • NS 81.82 v Ell NS NS NS NS NS NS BI,82 v E12 NS •• NS • NS •• 
81.82 v R2 ••• • NS •• .. •• 81,82 v R6 •• •• •• • • • 
A -105 
Table 11.37 
How !ff1c.ient1x the Crew Performed ~Raw Data~ 
(4-Man) DAY 1 1 1 1 4 5 6 6 7 7 8 8 9 9 11 12 13 TIME 605 8}1 1751 2135 400 2300 800 1025 547 1030 1210 330 530 1415 610 123C RATER 2 3 3 1 1 2 2 1 3 3 1 1 3 3 2 3 1 
Hin light/noise ACT 1 6 7 7 6 6 7 7 6 6 6 6 7 6 4 6 Posn of vehs ACT 2 6 6 6 6 6 4 7 5 6 7 6 5· 5 5 6 Radio discipline ACT 3 7 7 6 7 6 1 7 6 6 6 2 7 6 6 Track discipline ACT 4 6 5 7 5 5 5 3 1 5 4 6 2 1 5 3 1 Ca. ACT 5 7 7 4 7 6 4 6 1 6 6 7 3 3 5 2 2 Trenches dug ACT 6 6 7 6 6 3 5 6 2 5 6 4 4 5 3 Sentries ACT 7 6 7 6 6 6 6 5 6 6 7 3 4 6 5 Maint ACT 8 5 1 6 1 NBC drills ACT 9 6 7 7 5 \C Battle/hide d!a ACT 10 6 6 6 ' 6 6 7 6 6 4 6 <= 
.... Other ACT 11 
Tent set up ACT 12 7 5 
-< Conceal air/grd ACT 13 6 6 6 6 5 1· 5 6 7 7 5 5 5 All round def ACT 14 6 6 7 6 4 6 4 1 4 6 6 4 4 4 6 Easy breakout ACT IS 7 6 7 5 7 6 6 1 3 6 7 6 7 4 4 Replen ACT 16 6 7 6 6 7 7 6 7 4 
(3-Man) DAY 1 1 1 3 5 6 6 7 7 7 8 9 10 11 11 11 12 TIME 605 740 1820 700 700 355 800 900 1000 1630 545 100 1815 91011101700 915 RATER 1 1 2 1 1 3 2 2 1 3 3 2 1 1 1 2 
Hin light/noise ACT 1 6 2 6 7 5 5 4 6 4 6 3 5 3 6 4 5 Posn of veha ACT 2 1 5 6 7 5 5 4 6 6 6 4 4 3 7 7 5 Radio dl,clpllne ACT 3 7 7 7 2 3 3 6 5 2 7 6 6 3 6 6 Track discipline ACT 4 1 1 5 6 4 5 2 5 1 5 Ca. ACT 5 4 6 6 6 4 2 6 3 4 3 4 Trenches dug ACT 6 5 7 7 5 2 4 5 Sentries ACT 7 7 6 5 5 6 4 6 Maint ACT 8 6 5 2 1 6 NBC drills ACT 9 6 7 3 Dattle/hide d1a ACT 10 5 6 6 5 3 6 2 5 6 3 6 6 Other ACT 11 
Tent set up ACT 12 
Conceal alr/grd ACT 13 1 1 6 7 5 6 6 1 1 5 5 3 4 4 4 All round def ACT 14 1 3 6 7 ,; 5 6 6 5 4 4 4 6 6 2 5 Easy breakout ACT IS 5 4 7 6 6 3 6 6 6 2 4 5 6 6 7 5 Rep1en ACT 16 5 7 6 7 6 7 6 6 
_c·' ..--'" 
Table 11.38 
How Effective the End Result was 
("-Dlan) DAY 1 1 1 1 4 5 6 6 7 7 8 8 9 9 11 12 12 TIME 605 831 1751 2135 . 400 2300 800 1025 547 1030 1210 330 530 1415 610 1230 RATER 2 3 ) 1 1 2 2 1 ) ) 1 1 3 3 2 3 1 
Hin light/noise ACT 1 6 6 7 6 6 4 7 7 6 6 6 6 7 6 4 6 Posn of vehs ACT 2 6 5 6 6 6 4 3 7 5 6 7 6 6 6 5 6 Radio discipline ACT ) 7 7 6 7 6 5 7 7 6 6 6 2 7 6 6 Track discipline ACT " 6 6 7 4 4 5 5 1 5 4 5 2 1 5 3 1 Cam ACT 5 5 7 7 5 6 4 5 1 5 6 7 3 4 5 2 2 Trenches dug ACT 6 6 7 6 4 5 5 6 2 5 6 4 J 6 3 Sentries ACT 7 6 7 7 6 6 6 5 6 1 6 5 7 J 5 6 5 Maint ACT 8 5 1 6 I NBC drills ACT 9 7 6 6 7 5 Battle/hide dis ACT 10 7 6 6 6 6 4 6 7 6 6 7 5 5 3 5 Other ACT 11 
Tent set up ACT 12 5 4 
Conceal air/grd ACT 13 5 7 7 5 6 0 2 5 I 4 6 7 7 5 5 5 5 :> All round def ACT 14 6 6 6 7 5 4 4 5 I 3 5 6 4 2 6 4 6 Easy break out ACT 15 6 7 6 7 4 7 4 6 5 2 6 7 6 7 6 4 4 
... Replen ACT 16 6 7 7 6 6 7 7 6 7 4 J ~ 
(3-Man) OAY I I I 3 5 6 '6 7 7 7 8 9 10 11 11 11 12 TIME 605 740 IB20 700 700 J55 BOO 900 1000 1630 545 100 IBI5 910 1110 1700 915 RATER 1 1 2 1 1 3 2 2 1 1 J J 2 1 1 1 2 
Min Ught/noise ACT 1 6 3 6 6 6 5 J 6 5 6 5 5 2 6 4 5 5 Posn of vehs ACT 2 1 5 6 7 5 6 4 4 6 6 4 4 4 7 7 2 5 Radio discipline ACT J 7 7 7 J 4 4 6 5 2 7 6 6 3 6 7 6 Traek discipline ACT 4 1 1 5 6 5 6 2 4 1 5 Ca. ACT 5 1 6 6 6 6 2 6 J 4 J 4 Trenches dug ACT 6 5 7 6 7 5 1 4 3 Sentries ACT 7 4 4 6 6 6 7 6 5 4 4 6 Maint ACT 8 6 3 7 6 NBe drills ACT 9 4 6 2 7 2 Battle/hide dis ACT 10 5 3 6 7 5 6 J 6 2 5 6 J 6 6 Other ACT 11 
Tent set up ACT 12 5 1 Conceal dr/grd ACT 13 1 1 6 7 5 6 J 6 5 1 5 5 4 4 4 All round def ACT 14 1 4 6 7 6 4 4 4 6 5 J 4 J 4 6 2 5 Easy breakout ACT 15 5 3 5 5 6 3 4 6 6 6 2 4 6 6 6 7 5 Replen ACT 16 6 7 7 6 7 6 7 6 6 6 

